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PREFACE. 

SHE Reader will meet in 
I theTitle-fage ivithanac- 
§ count of the Occajion that 
S gave birth to the following 
I Treat ife. Thus much far- 
ther it may not be amifs to take notice of^ 
that as it was written to be deliver'd by 
wordof mouth on^, the PTriter thought it 
bejl to put what he had to Jay into a con- 
tinued T)i/courfej and not intothe Form 
itfed by Mathematicians j making it his 
Endeavour to find a way 6f Ex^reJJton 
as familiar and approaching to common 
Speech as he could conveniently j aiming 
throughout at Terjpicuity rather than 
Concifenefs. This proving not unaccep- 
table to fome Hearers J it was imagined 
that it might chance to fall in with the 
Tajie of other per Jons. 

It may not be unfit to Jay a few words 

here concerning the Manner,, in which 

this Treatije is dijpofid. And firjl it 
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begins with the Laws of Motion. Not 
that this previous Step is abfolutely ne^ 
cejfaryj it being eajie to have Jhewn the 
Properties of the Mechanical lowers 
without it. But the Importance of thofe 
Principles being fo great ^ and the Un^ 
derfanding of them being a convenient 
tho^ not a necejfary Introduction to the 
remaining partj I am ^ferfuaded the 
Reader will not be difpleafed to meet 
them there. Their extenjive^fcj as be- 
ing the Foundation of all Natural Thilo- 
Jophyj inclined me to treat of them more 
diffufely than has hitherto been done i 
partly for an Introduction to higher Spe- 
culations j and partly becaufe it has been 
my fortune to meet fbme times with inge- 
nious per/cms J but not converfant in 
thefe matters J, who have not fo readily 
underjiood and ajfented to fome things 
relating to them^ as one would have ex^ 
pe£ted. 

From thofe Principles the Tropertiefs 
ff the Mechanical Towers are demon- 
fir at ed; in the doing of which j Mathe^ 
mafifal Termf h4ve bfen avoided as 

mwh 
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much as could be done conveniently ; and^ 
where they were necejfary^ are explain^ 
ed. There is added at the Endj a ^tf- 
courfe concerning the Sail ; which ^ tho^ 
not ufually reckoned with the other low- 
ers ^ is of too univerfal ^Ofe to be omit'- 
ted. There is alfo fubjoined an Affen^ 
dix^ in which fome Proportions j which 
were unavoidably exfrefs^d in Geometric 
cal Terms J are exemplified in Numbers; 
which will be of fervice to the ungeome-^ 
trical Reader J by explaining the Mean^ 
ing and Ufe of the VropofitionSj while 
he takes the proofs upon Truft. 

Befides thofe for whom this Work is 
immediately intended j who having alrea^ 
dy exercifed themfelves in pure Geome- 
Pry are willing to make fome farther 
^rogrefs in the Mathematical Sciences^ 
I conceive it may be of fome fervice to 
the following Terfons. Firji^ to thofe 
Gentlemen who have gone thro^ Courfes 
of Experiments i becaufe as the SubjeB 
is here treated in the fame way of i)if 
courfe J in which the Experiments they 
fee are explained tQ them^ and not in ^ 
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Mathematical Form ; they may refrejh 
their Memories with fome things they 
have forgot or remember but imferfe6lly* 

It may alfo be of ufe to thofe who are 
jufi entring upon the Study of Natural 
Thilojbffhyj as they will find the Laws 
of Motion, which are the Foundations of 
that Science J more largely explained than 
is commonly done y which ^ when thorough^ 
iy apprehended J will prove a great Ad- 
vance to more difficult Speculations^ 

There is another fort of Ter/bns^ 
whom I had in my eye^ and would be 
very glad to benefits "Which are induftri- 
€us and dextrous Workmen. Of thefe 
I have known feveralj who would be 
^mell p leafed to under ft and the Nature of 
thofe Machines which they daily ufe^ but 
mderftmd no otherwife than by Vfe. 
Such Terfons will I believe be well con^ 
tented to find the Reafons here explain- 
ed of fever at Things J which they do at 
prefent only becaufe they have fe en thenf 
done before. I can but think j that with 
fome Things they donH apprehend^ they 
will find others that they tnay ^ an4 

vjhick 
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which it will be both a Satisfaction and 
a Convenience to be informed of; the 
Things here explained being not defen^ 
dent upon one another ^ but proved and 
handled in different manners. 

The Way I would therefore recom* 
mend to fuch Reader Sj Jhould be to read 
the Whole through^ j^^ff^g ^^^^ /itch 
things as they don^t well underjiand^ 
and making the bejl Adfoa/ntage of what 
they do. This Method of proceeding 
may invito a fecond Review j in which 
they will find many things becsme e after 
than they appeared at the fir fi ^erufal. 

After all J I fl^all be very much oblu 
ged to the good nature of my Readers j 
if they find half the Conveniences I here 
point out to them i and I Jhall be ft ill 
more obliged to them^ if for the fake 
of my real Defire of being ferviceable^ 
they will be fo kind as to pardon my 
many Errors and Defeats. 

Nov. 50. 
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TREATISE 

■■■..• to,F THE 

Mechanical Powers. 

Sect,, I. 
The LawS' of Motion. 

I SHALL begin with an Ac- 
count of the Science of Me- 
f chanics iri general, the Sub- 
jeft of it, and the Principles 
upon which it builds its 
Coiiclulions. Afl^rwards I Ihall.deicribe 
the feveral mecKanical Powers in prder ,- 
■ ' B • ~ and 
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and fhew their ibvcral Natures and Pro- 
perties, deduced from thofe Prlnci^des. 

All Matter is indued with a Pro- 
perty of giving Motion to other Bodies 
and receiving it from them. This Pro- 
perty is fo univerfal, that upon it all the 
Operations of Nature and Contrivan- 
ces of Art depend ; and by the Wifdom 
of HIM who created all Things m 
Number^ Weighty and Meajure^ it is 
made fubjed to Geometrical Reafoning 
and Calculation; the Application of 
vi^hicli to the Confideration of Forces 
and Motion is the BufineTs of the Sci^ 
ence of Mechanics. Mechanics there- 
fore is tlie Science, by which we dif- 
cover the difierent Manners in which 
Forces may be applied to Bodi@% aad the 
difierent EflfeQ:s produced thereby in 
the Bodies, as to Velocity, Dirq£tion, 
and Quantity of Motion. 

Now this Science, being Part ofwha^t 
Is called the mixed Matheniatics, requires 
feme Axioms or gefl«ral Principles, found 

cut 



~ I ^ 



Ti&i? La'^rs eyT Motion. 9 

I ll • ■ • ' 

Out by certain arid indubitablt Experi- 
ence, joined with ftriQ: Geometrical Rea- 
foiling^ whereon to found itsConclu- 

lions. 

AXIOM I. 

E V 1 R Y Part of Matter in Motion, or 
at Reft, continues at Motion, or at Reft, 
till fome external Caufe alter it. Firft^ 
that Bodies at Reft continue at Rfeft till 
fome outward Caufe difturb them^ is 
filain from Experience. A Stone lying 
upon the Ground will lie there continu* 
ally, without moving either (ideways ot 
upwards, till fomethlng elfe ftir it. 
This Obfervatioti being found true of 
fuch Bodies- as come under our Notice, 
we irtfer d» femfe of tlwfc Bodies we 
can't come at* And this is confirmed 
alfo by R^foning. Foi" a Stohe upon 
the Ground^ if it give Motion to it felf^ 
muft Gaufe it felf to move in feme given 
Direfliion. Say it be to the right ; but 
for as good a Reafon it tm!y £is well 
be faid to «ioVe to the left ; but it can't 
move both Ways at the feme -tiftie^ 
therefore hetellfer. The Heavinefs of 

B a Bo- 
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.Bodies^ or the Force with which they 
delcend towards the Earth, when pla- 
ced at Reft in the Air, I take no Notice 
of; that being certainly occafioned by 
an outward Force, tho' the Caufe be 
not perceivable by any of our Senfes. 

The fecond Part of this Axiom, 
that Bodies in Motion will continue 
in Motion till (bme outward Force alters 
their State, is not indeed plain from 
Experience as the former is; becaufe all 
Bodies here upon Earth put into Motion 
will foon ceafe to move, fome for one 
Caufe, and fome for another^ unlefs a 
new Force be imprefsM on them. But 
to thofe Experiments it is anfwerM, that 
we can aflign fuch Caufes, why thofe 
Bodies ceafe to move, as plainly fhew 
that this Axiom may neverthelefs be 
true. And thefe Caufes are the .Re- 
fiftance of the circumambient Air, the 
Force of Gravity, and the Fridion of 
Surfaces ; and that thefe Caufes are the 
true ones appears fronci hencei that the 
n^ore. thefe are dimii^jaied, the longer 

the 
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the Mptipn continues ; whence it is rea- 
fonably concluded, that if they could be 
entirely removed, it would not ceafe at 
all. This is made much more plain by 
Realbning. For there can be no Reafon 
given, why a Body in Motion ihould 
flop of it felf at one Place or Inftant, 
rather than another; any more than 
why a Body at Reft Ihould move of it 
felf at one Inftant, or in one Diredion, 
rather than another. Let a Body as 

A B O J} 

— I ^ 1— " 

I 

A be impelled along the Line A B C D ; 
I fay, that all outward Refiftance being 
taken away, it will move for ever in that 
Line. For if you (ay it will ftop any 
where, affign the Point where it will do 
fo. Let us for Argumentation fake fup- 
pofe that Point to be C. But why at 
C, any more than at'B or at D ? The 
Caufes of Refiftance from without are 
taken away, and what can operate upoij 
jthe Body to make it ftop there, rather 

5 3 than 
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than ?it B ? Or what can hinder it from 
going on farther to D ? If you confider^ 
you will find there can be no Reafon 
givea for its flopping at C, rather than 
at B ; for by our Hypothefis^ it meets 
with no more Hindrance to its Motipij 
between B and C, than it does between 
A and B. Therefore if you fay it flops 
at C, for the lam? Reafon you may lay 
it will flop at By but it can't flop at 
both ; therefore at neither. In the lamip 
manner, we have provM it will not flop 
at C^ one may alfo prove.it can't flop at 
D I and lb on ad infinitum. 

VLkYii-^o BOW Ihewn, that every 
Pody or Part of Matter in Motion, of 
at Refl, remains fo till fome outward 
Force alters its States i;he wxt Thing is 
to tal?e notice what tbof? Forces are, 
which in Praftice and/ Ejfperience are 
jnade ufe of to thai; purpoJfe ; and thofe 
are, Firft, The Collifioft of fome Body 
that is in Motion with one that is afi 
Reft. Secondly^ TIi^ Application of tiie' 
Strength of Ibme animated Creature to 

the 
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the Body that is to be moved > oc to 
ibmethiag contiguous to it. 

Now in order to Ihnk, and deter* 
mine the Quantity of thefe Forces^ that 
we may handle and conlider them mathe* 
matically, they are exprefsM either by 
the Velocity they produce in a Body im- 
pell'd by them, the Weight they are able 
to fuftain or move, or by both com- 
pounded together. The Yelocity of a 
Body is meafurM by the Quantity of 
Space it goes over in a given time ; if 
that Qiiantity of Space be great, the 
Velocity is faid to be great ; if little^ 
the Velocity is faid to be little. 

I F we then imagme tlie fame Body 
to be at one time fo impellM as to move 
1 5 Foot in a Second of Time, and jat ano^ 
ther time fb as to move go Foot in a Se- 
cond, we cxprefs thefe two different For- 
9es by faying, that it was impelled in the 
former Cafe by a Force that is as one, 
and in the latter Cafe by a Force that is 
as two* A Force is alfo valued by the 

B 4 Weight 
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Weight it is able to fuftain ; as fqppofe 
upon one Ann of a Ballance there hangs 
a W^ght of 20 Pounds, if a Man pref- 
(ing with his Hands upon the other Arm 
keeps the Weight barely fqfpended ; we 
fay, he. applies thereto a Force of 20 
Pounds. A Force is alfo valued by th<; 
Re£tan^le, or Produf^: of ^;hef9 two, 
the Velocity, and the Weight of a mo- 
ving Body, \y^hich is called the Momen-* 
turn of that Body. If a Man throws out 
of h^ Hand a Stone of 2 Pounds Weight, 
with a Velocity of 20 Foot in a Second 
of Time, the Force, with which at its 
going out of the Hand it would ftrikfj 
ftny Body in its Way, is called the Mo- 
nigntum ; which we fay, is as 2 X 3c • 
If the fame Man fliould after throw a 
Stone of 3 Poinds, with a Velocity 
equal tp 40 Foot in a Second, the MoV 
nieutum \youlci be as 3 is to 40 ; that 
Js, 120* In thefe Cafes we fliouldfay. 
The ditlerent Forces with which thole 
Stonej; were thrown at-e as 40 to laOj 
that is, ^s 4 to I ? ; which is the fame as 
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This being premifed to fliew the 
Method by which we value and exprefe 
the Quantity of Force applyM to a Body, 
there remains another thing to be confi- 
derM in a Force, and that is the Direc- 
tion of it. Now the Effefts of Forces 

■ 

are made very different by their various 
Dire6Hons ; and therefore they require a 
particular Confideration 5 the whole Doc- 
trine of Projeftiles, which comprehends 
the Art of Gunnery, and the Knowledge 
of a good Part of the Phyfical- Aftrono- 
my, depending upon the Inveftigation of 
the Paths, which Bodies will defcribe i^ 
Confequence of Forces apply'd in given 
Direftions. 

' r fhewed above, that if a Body were 
hnpelPd by k fingle Force, and no Refi- 
jftance were made to it, it would move for 
ever in the right Line prolonged, in which 
the Center 'of it at firft mov'd. That 
Line is called the Lineof Direftion of its 
]^otion, and is always given by Pofition, 
^hen: we would argue concerning Pro- 

ppfi- 
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pofitiohs relating to it ; that is, its Situa- 
tion with refped: to fome given Place 
muft always be determined A Body 
niajr4)e, indeed, impelFd by more For- 
ces than one, and vi diHerent Dire6lions 
at the fame time, the Confequences of 
which it is the Bufinefs of this Science to 
determine, as; we fhail hereafter take 
notice. But for the preient we jObcall 
only obferve, that as the Velocity with 
which a Body moves is capable of infi- 
nite Variety ; (b like wife is the Line pf 
Diredion • A Body may be fuppofed to 
move 10, loo^ 1090 Fpot in a Second 
of Time, or ifyou pleair as many Miles; 
fb the line of Dire^ion of its Motion 
may be as various as the Inclinations of 
l^ines to each other are. As the one is 
capable, by th^ Addition of a new Im- 
pulfe, to be altered as to Quarntity ; tcx 
is tlie other equally liable by the i^me 
Means tx) be alter M as to its Pofition. 
If a Body as 4 be moving aipng tb« line 

A? 
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A B C D> with a Velocity able to carry 
it from A to B in a Secoad of Time, it 
Rvay^by a new Force apply'd to it In the 
fime r^re^on, receive a Velocity abk 
to carry i( as £u: as from A tp.C in the 
lame time. And in the like maimer^ it 
may by a Force applyM in a different Di- 
re£iion, as for Example, along the Line 
E F, receive an Alteration not only as to 
Velocity,, but as<o its Diredion alfe ; fei 
as to nuike it move in a diflPerenc Line 
froitnt that along which it was at firft im» 
((^'d. That we may, therefetce, argue 
vfbn £b^d Grfiiunds concerning tfaefe 
lidmatdons, I (halt proceed now to the fe« 

CQDdAxiom. 

2. The 



« 4 



1 2 Of the Mechanical lowers. 



m\ ■< 



AX lOyi IL 

The Increafe or Decreafe of Mo- 
tion, produced in a Body by a new 
Force apply M to it, is as to Quantity 
proportionable to the Quantity of this 
new Force ; and the Change of the Mo- 
tion as to Direftion is made towards the 
Diredion of this new Force. 

I Say the Increafe or Decreafe of 
Motion, for a new Force apply 'd to a 
Body in Motion rhay fefleij or flop its 
Motion iriflead of fencreafing it. Suppofe 
a Body be moving along the Line ABC 
P, with any given Velocity frona A to D j 

A B C B 

i —. — I ■ y . ^. — T T— ' 

if a contrary, and equal Force fhould 
meet it in any JPoinjt^ as C,' whole Line 
pf Direction is from* D to A, inflead of 
increafing its Yelqcity, it would entirely 
flop its Motion. ;As is very piking for 
the Body can pnly niove either, from A 
towards D, or elfe from D towards A'; 

for 
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for there being no other Force imprei&'d 
on it, it can move no other Way. Bat 
it can't move towards A, becaufe the 
Force direfted . from A to D hinders it ; 
nor from A towards D, becaufe the op- 
pofite and equal Force refifts it ; there- 
fore it won't mov9 at all. And if we 
Ihould fuppofe this new and contrary 
Force to be but half, . or one third 
fo great as the former, it is eafy to con- 
ceive it will diminilh its Motion or Ve- 
locity, tho' it will not entirely ftop it. 

This Incroafe or Decreafe of Mo- 
tion is alvirays proportionable to the 
Force that produces it ;. fo that if the 
new Force confpire with the former, hav- 
ing the fame Dire6):ion, itwill add to the 
Motion ; if it be contrary, it will dimi- 
nifh it. As if in the fame Figure a Body 
be moving with a given Velocity along 
the Line A B C D, , if a new Force be ap- 
plied to it in the Point C, having, 
the (ame Diredion, and double to the 
former, it will .fuperadd a double Velo- 
city to that with wijich it moved before. 

The 
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The new acquiTd Velocity will then be 
to the ibnner,as ^ to i + 2> that is, as r 
to ; ; there being a Velocity, which is as 
2, added to the former, which is as one. 

BOt if this new Force, which is as 

2, were to move in a contrary Direftioa 

to that in which theBody is moving with 

a Velocity that is as one, it would then 

add to it a negative Velocity as I may 

call it = 3 ; that is, it would repel 

it with a Force = 5. Its former 

Velocity would then be to its latter 

as I to I — a, that is, as i to — i ; that 

is, it would move badt from C to A with 

a Velocity equal to that with which it 

'd bdfbre from A to C. The Rule 

to know the Velocity with which a 

r moves after a new Force is apply'd 

, is to add the Values of the two For- 

ogether ; making the new Force af- 

itive if it have the &nie Direction as 

former, and negative if the contrary. 

D T we have hitherto only proceed- 
]pon the Suppofitioiu that the new 

Force 
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^orce is direded along die £une Line iii 
which the former wasj but this is very 
far from being always the Cafe. For it 
commonly happens, that the new Focce 
is applied along a Line, which makes 
an Angle with that jn which the 
former Force is applied or directed ; as 
in the Fig. 
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Here the Body, having mov^d along elw> 
Line A C D as &r as the Point C, is there 
impeflM by a liew Force, \(rholfe Line of 
iHted:ion is the Line B F; It will then ht 
{xbpa' ta the neM Place to enquire what 
the Confcquence will be of this new 
For9e. And this Enquiry is anlwered 
fcjPthe fecond Part of this Axiom, to 

witj 
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wit, that there will be an Alteratioa 
of the Line of DireSion, which will 
be made towards the Line of Direftion 
of this new Force, that is towards the 
Line EF. I fay towards theUneE F,for 
it can't move along it, being hinderMby 
the Force A D impelling it another Way; 
and much leis will it be able to get into 
any Line without E F. Since therefore 
it cannot move along A D by Reaibn of 
the Force E F, nor along E F by Rea- 
fon of the Force A D, it follows, that it 
will move in fbme new Line between 
them as Y Z ; and by the firft Part of 
this lecond Axiom, by how much this 
new Force is greater or leis than the 
former, by fo much this new Line YZ 
be nearer to or &rther from the 
: E F. 

N order to fmooth the Way to an 
ortant Fropofition, which I fhall 
Lice from what has been £ud, kc 



there 
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there be drawn as in the Figure 




the Line A C P, along which the Body 
A is impeird by a Force direded froiji A 
to D. Let it be impelled in the Point C 
by a new Force, whofe Line of Direc* 

C tion 
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tion is E F. Let there be drawn thro' 
the Point D the Line G H inclining to- 
wards the Line £ F, and meeting it in 
H ; the Line I K thro' the fame Point 
parallel to the feme Line E F ; and the 
Line L Mthro' the fame Point, declining 
from the Line E F. It is plain, that if 
this new Force E F were not applied, 
tire Body A impelled by the Force A D 
alone, would pafs thro' thefe three 
Lines* at the fame Inftant, that is, at 
their common Sedion the PointD. But 
when by the Application of this new 
Force- it is obliged to alter its Path or 
Direftion, and to move in the Line Y Z 
as it was juft now provM it would do ; 
it is plain, that it will interfed thefe 
three Lines fucceffively, as at the Points 
a b c, at different Inftants of Time. 
Now i fay, that in this Cafe it will 
touch the Line G H in the Point a, 
in lefs Time than it would have touch'd 
it in the Point D, if it had been impellM 
only by the fmgle Force A D. As is w- 
ry plain ; for here are two Forces confpi- 
ring together in impelling it towards that 
° Ljne, 
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Line, one towards the Point D, and the 
Other towards H, which muft neceflarily 
impart a greater t)egree of Velocity, 
than either df them fmgle. On the o- 
thet Hand it Will be longer before it 
feaches the Point c in the Line LM^ 
than in moving to D in the former Cafe* 
For the Force E F, as one may fee only 
by InfpeQion of the Scheme doth now 
continually tend to draw it from the Line 
L M, and for that Reafon muft undoub- 
tedly retard its Motion towards it. Since 
then th^ Body will arrive fooner at the 
Lines inclining towards fi I^ as G H, and 
later at thofe declining from it as L M ; 
it follows that it will meet a Line in the 
intermediate .Pofition^ as I K which is 
parallel thereto, exaftly at the lame time 
in b, that it would have met the fame 
Line, in the Point D, had it been impelled 
only by the fingle Force A D* For fince 
on the one Side of I K, the Time is lefs, 
and Oft the other Side more^ it follows, 
that in I K it fclf, the Times miift be e- 
qUal ; that is^ the Body A fo impell'd by 
fuch Force, will be found in a Line 

C a par- 
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parallel to the Direaion of that Force, 
in the fame Time (tho' not in the fame 
Point) as it would have been^ if that 
Force had not been applyM. I fhall 
fhew the Ufe of this in the Demonftra- 
tion of the following Propofition. 

I F two Forces in different DireQiions 
be apply'd to a Body, it will defcribe the 
Diagonal of a Parallelogram, along 
whofe Sides thofe two Forces are direft- 
• ed, and in the fame given time in which 
the Body would defcribe either of thofe 

Sides* 
Let then a Force be apply'd in the 

A ^ 




C ^ 

Point A to a Body in that Point ; and 
let thatForce be of fuch a Quantity as 
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to be able to impel it as far as B in a giv- 
en Time. Let at the lame Inftant another 
Porce be applyM along A C fufficient to 
carry the Body to C in the fame given 
Time, Compleat the Parallelogram by 
drawing B D and C D, I lay^ that the 
Body will move along the Diagonal A D 
of this Parallelogram, in the fame Time 
in which it would have movM along ^i* 
ther of the two Sides, A B or A C, by 
the Means of either of thole Forces liiif 
gle. For the Force AC being parallel 
to the Line B D, we have juft now 
provM, that it will neither accelerate 
nor retard the Motion of the Body to 
the Line B D, lb that it will be found 
in the Line B D in the fame Time exaO;-^ 
ly, that it would have been if that Force 
A C were not applied to it. And fo i4 
Jike Manner the Force A B being paral^. 
lei to C D, will not at all hinder, but 
that the Body A impelled by the Force 
A C will arrive at C D, exa£)tly in th^ 
fame Time as it would have done, if that 
Force A B had not been apply'd at all. 
It will therefore be found fomewhere in 

Q3 tl^ 
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the Line C D, at the fame Inftant of 
Time, that it will be in B D ; therefore 
it will be in tjie Point D, their common 
Interfeftion. In this manner the two 
Forces A B impelling the Bpdy towards 
B, and A C impelling it towards C^ will 
be compounded into a fingle one impel- 
ling it ffoin A to D. But a Body im-f 
pell'd by a fingle Force will proceed iij 
a right Line ; therefore along A D the 
P^agonal of th? Parallelogram A B C D* 

I have been the longer upon this Pro^ 
pofition, and fpent the more Time and 
Words, in explaining and making eafy 
the Demonftration of it, bgcaufe of its 
abundant and univerfal Ufe, which ex- 
tends it felf to the Solution of almofl: e- 
very Problem, ^nd the Difcovery of al- 
mofl: every Truth, which relates to the 
Motion of Bodies ipipell'd by outward 
Forces, la what manner foever applyM. 
The whole Doftrine of Projediles,, 
which comprehends the Art of Qun- 
npry, jis built upon this Prop, for by the 
Application thereof it is dempnftrated, 

that 
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, x^t all Bodies projefted by any Force 
with a RedilinearDireftion, near theSur-^ 
face of the Earth, will by the Power of 
Gravity continually afting upon them, 
be obliged to defied from that Directi- 
on, and move in the Curve of a Para- 
bola^ 

B y the help of this Prop, alfo, Sir 
Ifaac Newton in his Trincifia^ has de- 
mo nftrated the true Syftem of the 
World, made manifeft the Laws by 
which the heavenly Motions are direflt* 
ed and regulated, and the Effeifts and In- 
fluence the Celeftial Bodies have upon 
each other; and by this Means has 
clearM feveral Difficulties, and npiade 
Difcoveries relating to them, that were 
thought inacceffible before. It is alfo 
ufeful to give an Idea of the Generation 
of Curve Lines, which it does eafily 
and naturally, and by that Means ferves 
to clear the Way to the underftanding 
the Nature of Fluxions. And laftly, it 
is ferviceable in demonflrating the Na- 
twre and Properties of the Mechanical 

C 4 Pow* 
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Powers, with great Brevity and Facility. 
At prefent wefhall deduce fome Conclu* 
lions from thence^ applicable to the pre- 
fent Subjeft* 

I . F R o M hence we may deduce the 
Compofition of two given Forces into 
one, as alfo the Refolution of any one 
{ingle Force into an infinite Number of 
compound ones. By the firft we are 
able to find out the Change as to Veloci-- 
ty and Direction which is made in a Bo- 
dy by a new Force imprefs'd thereon, 
and to affign the Degree of Velocity, 
which is added to, or taken away from 
a Body in Motion by a cpntrary oblique 
iForce. 



li 



tfmmmmmt 



The I^ws ^Motion* 25 



^ 





Ira Body be moving along A B with 
a Velocity able to carry it from A to B 
in a Minute of Time, and one wouldl 
know how much additional Velocity it 
would receive by an oblique Force A C 
able to carry it from A to C in the lame 
time ; \i^ plain, that it is only neceflary 
to compleat the Parallelogram, and to 
draw the Diagonal A D ; and the Excels 
of the Diagonal above the Side A B is 
the additional Velocity fought. So a-^ 
gain, if one fhould fuppofe the Force 
A E applied inftead of A C, 'tis plain, 
that this Force has a Diredion contrary 
to i)m pf ^h? Fprce A B, and therefore 

wifl 
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win take from its Velocity inftead of ad- 
ding to it ; in this Cafe we muft pro- 
ceed as before, and drawing the Diago- 
nal A F, the Excefs of the Side A B a- 
bove the Diagonal , will give the 
Quantity of Velocity loft by Means of 
this new Force. 

2. By this Prop, we are able to refblve 
a fingle Force into two, and thereby to 
know the Efie£fcit will have when appli- 
ed in a given Manner. Suppofe the 




C B 



Line A C B to have one Point of it at 

C fix'd, like the Center of a Circle ; and 

the other Parts to be capable of turning 

round that fixM Point, like the Radius 

round the Center, by a Force applied to 

it in any Point as A or B, either pufliing 

forwards, or pulling backwards. Now 

it 
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it is plain, that if this Force be applied 
exaftly along the Line A C B, it will 
have no £ffe£t at all in making the Line 
revolve about its Center, whether the 
Force puih forwards towards C, or puU 
backwards towards D. But on the con- 
trary if we fuppofe this Force apply'd 
^t right Angles to A C B, or along A E, 
whether pulhing upwards towards A, 
or downwards towards E, it is plain, 
that it will have a very great EfFeft, 
as being dire(5lly contrary to the Pofi- 
tion of the Line A C B, and therefore 
capable of making a very great Al- 
teration in its Situation. Now fince 
this Forge may be apply'd in all manner 
of Direftions between that of A E and 
that of A D, fome of which Applicati- 
ons will have more EfFe6t than others : 
We make ufe of this Prop, not only 
to know which is the moft e£Fe£hial of 
all, but the exafit Quantity and Propor* 
tion of the EfFed of each of thefe yari-. 
pu$ Application?, 

W« 
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W E have ihewn before, that a Force 
is valued and exprelsM by the Velocity 
it produces in a given Time ; and that 
Velocity by a given Line defcrib'd 
with that Velocity in that given Time : 
One may therefore make ule of a Line 
to exprefs a given Force, in Proportion 
to the Length of which Line the Force 
may be valuM. If we fliould fuppofe 
then the Line A E to exprefs the Quanti- 
ty of a given Force ; I lay, that Force 
applyM at right Angles will have an Ef- 
fed equal to a greater Force applyM o» 
bliquely. For by the laft Prop, if we 
draw the Line E F perpendicular to A E 
and join A F, we fhall refolve the Force 
A E into two, E F and A F, which 
two will by the lame Prop, have the 
fame Effed as the other fingle one* 
JsTow the Force E F being parallel with 
the Line A C, can have no Effed at all, 
as was juft now Ihewn : therefore the 
EfFeft of A F alone is juft equal to the 
Effed of A E. But the Line A F lying Ot 
ycr againft the ri^ht An^le h longer 

than 
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than AE, and therefore the Force, 
which is proportionable to it muft be 
greater ; therefore a Force applyM at 
right Angles will have an EfFeft equal to 
that of a greater Force apply'd oblique- 
ly. By the lame Method one may efti- 
mate the Qyantity of Force that is loft 
by an oblique Application. For fup- 
pofe in the dime Fig. the Force AF is 
apply'd, it is plain by what is juft laid, 
that feme of that Force is loft ; becaufc if 
it had been applied at right Angles it 
would have had a greater EffeGt. la 
order therefore to know the exaS Quan- 
tity, rcfolve this Force into two A E 
and E F, and the Quadtity of Force 
tliat is ufelefs by the oblique Applicati- 
on of it, will be to the whole, as E F 
toAF. 

I have hitherto confider'd the Efie£t5 
of Forces fimple or compound upor ~ 
Body, as to the various Quantities 
Velocity they will imprefs upon it, s 
the various Lines of DireGion in wh 
they will caufe it to move, according 
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the infinite Variations of Quantity and 

Direction, which Forces are capable of 
receiving. 



But in this vtt have gone all along 

upon the Suppofition^ that thefe EflFefts 

are produced in the fame 6t equal Bodies, 

luppofing the fame Force to receive no 
Alteration as to its EfFeQ; from the Bo*. 

dy it is applyM to. But in confidering 
the Effeft of Forces upon Bodies there 
is another Thing to be refpefted, and 
that is the Quantity of Matter contained 
in the Body. As we have then hitherto 
i)een difcovering the Effects of Forces 
upon Bodies, where the Bodies have re- 
mainM the lame, and the Forces have 
tliffer'd ; fo we fhall now confider thole 
£fFed:s where the Bodies are the lame, and 
the Forces remain unaltered, in order to 
lay the Foundation of our Reafoning in 
Cafes where neither of them is the fame. 

Now the Difference of the Effects 
of Forces proceeding from the different 
Circumftances of the Bodies takes its 
Rife from the different Quantity of Mat- 
ter^ 
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ter contained in each- It will be there- 
fore proper to fpetid a few Words in ex- 
plaining what is meant by that Exprcifi- 
on, The Quantify of Matter. 

Every fblid Body maybe divided in- 
to a given Number of equal Parts, which 
Number is proportionable to what the 
Mathematicians call the folid Content of 
a Body of that Figure. If we iuppole 
a folid Cube, whofe Side is 8 Inches, it 
is plain, that Cube npiay be divided into 
many equal and lefTer Cubes of i Incfa^ 
by multiplying according to the Rules 
of Geometry, that Side into it felf firft, 
and a&erwards into the Produd of that 
firft Multiplication. This gives 512^ 
which is the Number of fuch little 
Cubes whole Side is one Inch, as taken 
together compound the gceat Cube whofe 
Side is 8 Inches, as is eafiiy known by Ge- 
ometry. But by the Rules of Geome- 
try we alfo learn, that a Cone, a Pyra- 
mid, a Cylinder, a Sphere, or a Body of 
any irregular Figure may be aJSighed^ 

that 
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that fliall have the lame folid Content as 
. this Cube above-mentioned, that is, whole 
. folid Parts taken together, will be equal to 
512 of thofe little Cubes. We fhould 
lay then, that fuch a folid Sphere or o- 
ther Body will contain in it felf an equal 
Number of folid Parts with that Cube ; 
or in the Expreflion we are here explain- 
ing that it contains the lame Quantity of 
Matter. By the fame Method one may 
divide that Cube into an immenfe Num- 
ber of fmall onesi whole Sides fhall not 
contain above ™ Part of an Inch ; an 
^qual Number of which fmall Cubes 
fhall alfo be exadly contain^ in a folid 
Sphere of equal Content with the Cube. 
Wc may alfo imagine two folid Cubes, 
one which fliall have twice the folid 
Content of the other^^ in which Cafe it 
will have twice the Number of equal 
folid Parts, that is twice the Quantity of 
Matter. The lame may be alio fuppo- 
fed of two Spheres or of any other Bo- 
dies, concerning which we fliouldlay^ 
that the greater Sphere has twice the 
Quantity of Matter in it that the lefler 
has. I ff 
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t F >^c then luppble cwb S^hferes im- 
tetiM albng A B and A B by two e- 
^ual Fot-tefe, and that thd Sphere C hath 
but half the Quantity of Matter in k 
that the Sphert D hath; It is; I think, 
cafy to difcbver, that the Icfler witi 
nlove with twice the Velocity of the 
^greitet*. 

F o R if we fhbuld fuppofe them botft 
divided into a Number of equal folid 
Pacts, it is {ilain from vt^hat was fhewn' 
jUft nbwi that the Sphere D will cOntaiil 
twice the Number of tJable equal Parti 
that the Sphfere C does. Let us fup- 
po& the Sphere D td contain lodb 
of thofe equal Parts, and the Sphere' 
C 500. Tbe Force therefore whfcht 
impels D will be divided equally inttf 
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lODO Parts, and the Force which impels C 
into 500. Thefe Forces being at firft lup* 
pofed equal, it is evident, that one of thofe 
equal Parts into which the Force at C is 
divided, is twice as great as one of thofe 
equal Parts into which the Force, at D is 
divided. For if w£ fuppofe two equal 
Lines to be divided one into 1000 equal 
Parts, and the otlfcr into 500^ without 
doubt the 5coth Part of one equal line 
Will be twic^ as great as the one loootli 
Part of the other equal Line* There-* 
jfbre eafch of the loio. Parts of die Sphere 
D> win ifcceive a Force i)iit lialf fo great 
as each of the 500 Parts of the Sphere C* 
If therefore every Part of the Sphere D 
receive but halt the Force^ every Part 
thereof \yill for that Reaftm diove "but 
with half the Velocity that . eveiry: Part 
of the other does ; but the Velocity of 
the whole Sphere^ is tlie lahae with the 
Velocity of its Parts, therefore the wiiole 
Sphere D will move but with half 
the Velocity that tlie whole Sphere C 
does. Which was the thing to be. proved. 
And fince there can be no Pretence of 

J^eafon 
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Heafbii 'for doubting dir imagimng that tc 
Will prove otherivife ia any like Oie; 
ive drairtr this general Cbnciiifiofl, 

Th e Velocities with which uiijequal 
Bbdies move after being impelled by e- 
qual Forces are reciprocally as the Quan- 
tities of Matter iii each Body. The 
Meaning of which is, the greater the 
Quantity of Matter i^, the lefs will the 
Velocity be in each; 

But tho^ the Velocities with which 
iinequal Bodies impeliM by equal Forced 
are unequal, the Quantities pf Motion 
are equal howevel:. The Quantity of 
Motion IS. the feme .that I caird before, 
the Momentum, irid is cbmpounded of 
the Velocity with which the Body 
hio ves j and it^ Weight, which is always 
proportionable to the Quantity of 
Matter ; arid it is eftimated by the Fbtcd 
which It is able to communicate to .aay 
Body that it meets witTi in its Way: 
Therefore unequal Bodies irtipeU'd h^ el 
fc[ual Forces, tho' indeed they will iiot 

D 2 ttiove 
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move with equal Velocities, will y6t 
communicate the fame Force to any Bo* 
dy, thjt either of them fhall happen to 
meet with. That is if a Body A, whofe 

A E B 
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Quantity of Matter is as one, (hall be 
impell'd along one Line A B, and a Bo^ 
dy C, whofe . Qaantity of Matter is as 
4 be impeird along C D, the Velocities 
witli which they will move, will by the 
former Propofition be Unequal ; that is, 
the Velocity of the great one will be fo 
iriuch lefs than that of the lefler, by how 
much the Quantity of Matter therein ex-» 
ceeds the Quantity of Matter, or the 
Weight (which is the fame thing) of 
the other. But its Qiiantity of Matter 

is 
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is 4 tintes greater, therefore its Velocity 
will be 4 times lefs. • 

Yet I fay, that if thefe two Bodies 
fliould meet in the Points E and F, two 
new Bodies E and F at Reft in thofe 
Points, they will iroprefs two equal Forces 
upon thofe Bodies, notwithftanding the 
great Difference there is of the Weight 
on one Hand, and of the Velocity on 
the other. The Reafon is, that thefe 
two Differences being proportionable, 
compenfate each other, that is, the Want 
®f Velocity is compenfated by the Excefs 
of the Weight in the greater Body, and 
the Want of Weight in the leffer is coni- 
penfated by the Excefs of the Velocity, 
To (hew this, let us fuppofe the largeft 
Bqdy C to be divided into 4 -equal Parts, 
then each of thefe 4 equal Parts will be e* 
^ual to the Jeffer Body A. Each of thefe 
4 equal Part? will then move by our 
Hypothefis with a fourth Part of tljc 
Velocity of the Body A, and fince eitch 
pf fh^rn is eqjual to it as to Qiiantity of 
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Matter, they will have each the fiime 
EfFeffc upon the Body F, as the Sphere A 
would have upon the Body E, if mov- 
ing with a Quarter of its Velocity : But 
the Sphere A has 4 times the EfFcft it 
would have, if it moved only with a 
Quarter of its Velocity, therefore it has 
four times the EfteQ: upon the Bpdy E, 
that one equal Part of the Sphere C has 
upon the Body p. 

But if a fourth Eart of the Body C, 
|mve a fourth Part of the EiFedl of the! 
Body A> it follows, that the entire Bo- 
^y C will have the fame EfFeft as the 
Body A exactly ; that is, it will im- 
prefs the fame or an equal Force upon 
the Body F, as the Body A will do upon 
the Body E. Therefore if the Bodies 
•E and E be equal, they will move after 
the Impulfe with equal Velocities ; o- 
^herwife their Velocities will be in. a re- 
ciprocal Proportion to the Quantity of 
Matter or the Weight of each, \ 
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' The Refult then of our prefent En* 
q|uiry has amounted to the Difcovery of 
thefe important Truths. 

I • Th a t the Velocities which two e-^ 
qual Forces imprefs upon two unequal 
Bodies, are reciprocally as the Quantity 
of Matter in each, 

2. That notwithftanding the Forces 
fo imprefsM upon the Bodies caufe fuch 
diiferent Velocities, yet the forces 
yrhich thofe Bodies are capable of com-^ 
municating to anpther by impelling it^ 
are equal ; the Meaning of which is^ 
that if we fuppofc two Bodies never fo 
unequal as to the C^antity of Matter 
in them, yet if the- Velocities with 
wliich they move be reciprocally pro- 
poi'tlonal thereto^ tlie Quantity of Mo- 
tion in both will be equal ; . that is, they 
will impel any Bodies which they meet 
with in their Courfe with exaftly equal 
forces^ 
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A s for Exajnplc, if wc; imagine onci 
Body A to be as one, and another Body 
C as 160, and to move with Velocities 
that are in the great Body as pne, and 
ia the lefler Body as 100; they will im- 
pel any Bodies as E and F which they 
meet with in their Courfe M'ith equal 
JPorces* And for the fame Reafon if in* 
ftead of moving along two feparatc 
Lines, they fhould move along the iaina 
tifte as G H with contrary DireSions, 
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they will impel each other with the feme 
equal Forces ; and therefpre fince they urge 
on« another \vith equal and ppppfite Foifr 
ces they muft both ftop^ as was fliewn oc^ 
cafionally before. And in the lame Man- 
ner if they fliould impel the two Arms 
qf a Ballance at each End, they would 
impel thofe two Arms with equal For« 
ces, and tjiereforc if the Ballance was in 
Equilibrip before, it will reniain iq 
the fame Condition i^fter the Impulfe. 
Tlius you fee that any two Motions 
will be ^qual betv^eer^ themfelvcs la 
wliich the Velocity of each Body multi- 
plied into the Quaiitity of Matter or the 
Weight (whict is the fame Thing) pro- 
duce two equal ReOiangles or Produfts ; 
and if theyliave opppfite Dire£Uons will 
cxaftly counterpoife and flop each other, 

4^D for the feme Reafpn if in ^ny 
two oppofite Motions, thefe ReGtangles 
a.re unequal, the Body on whofe Side the 
greateft Redangle is form'd, will pre- 
vail over the other, and impel it along 
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the PlrefUoQ ia which it f^lf is moving^ 
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As if A and B he moving along A C B 
with oppoflte Direftions, and meet in 
C> and the Weight of A be as one, and 
its Velocity as three > and the Weight of 
B as twQ, and its Velocity as one, Multi^ 
ply the two Numbers anfweringto the Ve- 
locity and Weight of each Body into each 
ether, and in the Body A this Pfoduft 
will be three, and in B only two^ 
Thereforp the Body A will prevail over 
B, and there being a Force equal to 2 
loft on the Side of A, it will fend B bagk 
agaip with a Force equal to one. 

Hence it appears, that the fmalleft 
Body in Motion is capable of moving 
the la>geft at Reft. To make this Truth 
ipvident, which may feem fyrprizing at 
firft, let us iniagine a Body equal to one 
Pound Weight, moving with a Velocity 
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pf 3 Foot in a Secotid of Time ; or 
jvhich is the lame Thing, fupppre a Man 
with his Arm to apply ^ Force equal to 
it i I fay that this finall Force would be 
a^le to remove, fox Example, a Stone 
of tooo Tun "Vf eight tliat is, entirely at 
Reft, and not only to remove it, but to 
impref^ a Force upon it, that ihall caufe 
It to move as long and as bt as he fhaU 
think fit, loo or looo Yards, fuppofing 
all outward Refiftance to its Motion ta- 
ken away, 

F o It if we multiply on the Side of 
the fmall Body its Weight one, into 3 its 
Velocity, it produces 3 ; but if wc do 
the fame on the other Side, the Velocity 
in that being equal to nothing, a Body 
at Reft having no Velocity, it follows 
that if the other Number reprefcnting 
the Weight be never fo large, it being 
multiplied by o will produce no more 
tlun o. Therefore the ReSangle on the 
Side of the greater Body being o, and on 
the Side of the leffer 3, it follows th; 
tlK leffer will overpovver the greater, an 
£au: 
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eaufe it to move with a Velocity recJ- 
procally proportional to the Weight. 
And tWs Force being once imprelsM will 
by the firft Axiom continue the Motion 
4$ hv as one pleafes, if all outward Im-r 
fiediments are removM* 

But this Myfterjr will cafily be un- 
folded if we conHder that the Velocity 
of thiii Motion is reciprocally pro. 
portional to the Weight. Now the 
Weight being fp large, the Velocity with 
wliich this great Body moves, muft be 
exceeding fmall; for a Stone of^iooo 
Tun Weight contains abpve two Mih 
lions of times the Weight of a Body of 
one Pound, and therefore muft move a-» 
bove two Millions of times flower^ 
which as one may find by an eafy Com- 
putation, will not be above the rate of 
one Inch in 24 Hours. And in Pra£licc 
that little Velocity will always be re- 
fifted and taken away by the Fri£lion of 
Surfeces which was before taken notice 
of. So that tho' there be nothing more 

certain than this Trutji, it is not eafy to 

|)r0V^ 
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Jprove it by Experiment,- by reafon of ac-^ 
cidcntal Hindrances. However to remove 
them as much aspof&ble, there have been 
invented feveral praftical Helps of dif- 
ferent Kinds } fome intended to avoid 
this Fri6ition which is lb great an Hin* 
drance ; others to coUeft and apply Force 
in a more convenient Manner than can 
be done without them, and thefe are cal*^ 
kd Mechanical Towers. 
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Sect. II. 

Of the Mechanical Powers. 

TH E Mechanical flowers are corri" 
monly reckoned feVcn ; the Ballancc, 
the Lever,tne Pully>the Wheel, the Wedge, 
and the Screw ; to which Ibme add the incli- 
ned Plane ; but indeed the four firft, and 
the three taft, depend k> evidently upoii 

th9 
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Ithe fame iMnciples, a$ might very wdi 
warraat the reducing of thofc icV«n t6 
two. irfowcvcr Ciiftom tiaving order*^ 
t^hervfc-ife, and tlie Matter feeing of nd 
great Confeqilcnce, we may as \v^ell fol- 
low the dM Redkonirig. Thefe are alfd 
capable <>f being cbmj^unded together 
wkh great Advantage and Convenicncei 
T^n feveral Occafions^-- 



V. 



1 • • 

T H E R £ are other Mechanical ?bw- 

ers befides thefe ; as the Sail of a Shipj 
and of a Windmill \ the Spring, upon 
which the Force of a Bow iii fhooting 
an Arrow depends ; the Battering Ram 
of the Ancients, the Hammer, and feve- 
ral others. But thefe fcveri above-men- 
tioned Being of more general Ufe, and 
admitting of greater Variety of Propo^ 
fitions relating to them, aremoft general- 
ly known by tliat Name, and cbnfiderM 
by Mathematicians; Only the Sail, be- 
ing become of fuch ,univcrfal and impor- 
tant Ule, the Reader will not be difpl^ai 
fed I believe, to have the Nature and 

Pro* 
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Properties of it diAindly - explained) 
which he will accordingly, find done ia 
its proper Placet ^ 

Of the Bailancei 

Every Body knows what a Ballance or 
PairofS<a!esisin common Life, but 
in order to reafon Mathematically upon 
it, we muft look fomcwhat nicely into 
its Original. 
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1 1 in a Line as A C B we imagine tH 
Point e fixed, and the two Scgmen 
ther 
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thereof A C and C B revolving round 
that Center, like Rjidii of a Circle, the 
Points A and B will defcribe Arches iof 
Circles round that Point C, which {hall 
-Ibe to each other as thofe Lines. The 
Velocity alfo with which each Point of 
thofe Lines moves, will be its the Arch 
that each Point defcribes. For the Vfe* 

iocity is proportionable to the Space gone 
over; that is, to the Arch defcribed. 
Now the Velocities being to each other 
as the Arches, and the Arches as the Cir- 
cumferences, and the Circum^rences as 
the Radii ; it follows that the Velocities 
are as the Radii ; that is, by how much 
the Line A C is longer than the Line 
C B^ by lb much the Velocity of the 
Poirif A is greater than that of the Point 
B ; and tis evident that this will Be the 
Cafe of all the other Points in either of 
thofe Lines, that by how mtich their DiP 
tance is greater from the Point C, with 
fo much the more Velocity will they 
move* And if any one fhould fuppofc 
it Force of any Kind "acting eithei* at A 
i&r jR, tis plain that let it make tliofe 

Pointaf 
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t^oints move with what Velocity foevcr 
the Velocities of the other Points will 
ftiil be in the fame Proportion ; and that 
the Line A C B being imagined as perfeft-^ 
ly inflexible, a Force apply^d to any one 
point will be communicated lo all the o- 
thers on both Sides the Point C, in fiich 
fort as to make them move with Veloci* 
ties proportionable to their Diftances 
from the fixM Point C^ And this circular 
Motion once begun, will continue for e-^ 
Ver by means of this Force, unlefe fome 
ne\^ outward Force flops it, as. was 
ihewn of a Redilinear Motion before. 
And as a Rfeftilinear MoticJn may be en- 
creafed by a Force confpiring with its 
Direction, and leffen'd or ftopt by a leO' 
ler or equal oppofite Force^ fo in like 
Manner may this circular Motion be> 
And in like Manner as two Bodies im- 
pelled by Forces contrary and equal will 
exa£lly counterpoife each other in a Rec-^ 
tilinear Motion, where the Velocity and 
Quantity of Matter are on both Sides e* 
qual,fo will they do in this. Jn the Fig. let 

there 
E 
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there be chdfe the Point C in the Line 
A B equally diftant frorh the Extremities 
A and B) arid that Point C being fix'd> 
let the Lines A C and C B move round it 
with a circular Motion, and let two c- 
qual Bodies moving with equal Veloci- 
ties along E B and FA, impel the Line 
A C B in A and B at the fame Inftant of 
Time- It is plain that the Force F A 
would of it felf caufe the Line. A C to 
revolve towards G, and the Line ACB 
being fuppofed inflexible, tlie other Seg- 
ment 
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talent C B muft revolve towards Hi So 
the Force E B would of it felf caufe the 
Line C B to revolve the cbntrary WajT 
towards K^ and the Line AC for the 
lame Reafon towards L. Therefore thefe 
Bodies OppOfe each others Motionf j and 
fince they are equal as to Weight, Velo^ 
city and Diftance from the Center, that 
Oppofition bn both Sides muft be equal, 
therefore they cdri^t turn the Line A C B 
found at all* And if we fhould fuppofc 
the Strings MA, NB feftfliM at the 
finds of the Line A G B, and that the 
J?oints A and B are pulled downwards 
E towards M and N by thofe equal 
Bodies hanging at the Strings MA 
and N B, the EfFeft would ftill be the 
fame, and the Line A C B would remain 
in Equilibrio as before. Now this is the 
Cafe of the common Ballance, in which 
the two Scales are at equal Diftances from 
the Center of Siifpenfion. For two Bodies 
of equal Weight put into thofe Scales 
|)ull the Arms downwards, dne on one 
Side, the other on the other . But by the 

E a Mdi» 
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Afeke of the Machine, erne Arm can't fell 
except the other rifes ; and by reafon of 
iht eq^uaL Weights, each Arm is pulled 
downwards by a Force equal to that 
which railes it upwards ; therefore the 
Arms can neither rife nor fell, and con*' 
fequentiy the Ballance will cemain in ^- 
quil'ibrio. 

This is the Cafe of the common Bal- 

* • « . 

lance : but there is another Kind of Bal- 
lance called the Roman Ballance or the 
Sttlkard y in which both the Weights 
are unequal •,? and their DiftanccS from 
tlie Centre of Sufpenfion unequal alfo. 
'I'he Method in weigliing any Thing 
with tfiis Ballance is, to make the Dii^ 
tances of each Weight from the Centre 
of Sufpenfion reciprocal to the Quantity 
of the Weight ; that is, to hang a Weight 
of one Pound 8 times farther from the 
Centre of Sufpenfion than the other of 8 
Pounds ; and fo 6ther Weights in the feme 
t^roportion. This is the Method in Prac- 
tice : I Ihall no w JGbe w the Geometrical 

Rea^ 
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Reafonin^ upon which this Praftice is 
built. 

It was proved before, that two mo- 
ving Bodies have equal Momenta or 
Quantities of Motion^ when the Veloci- 
ty of each Body multiplied into its 
Weight, produce on each Side equal 
Reftangles or Produ&s. It was there 
fhewM alfo, that fuch Bodies moving ia, 
the lame right Line with dppofite direc- 
tions will counterballancq and ftop each o- 
ther. And that the Cafe was the feme if 
they Ihoijld impel two Arms of ;l Ballance . 
which are in Equiltbrio. They would 
exa£i:ly counterpoife each other, and the 
Ballance would remain unaltered The 
Reafon was fhewn to be this plain one, 
that it requires the fame Force exactly tp 
impel one Part of Matter thro' three 
Parts of Space, as it does to impel three 
Pai-ts pf Matter thro' ojie Part of Spac?. 
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If wefuppofethen in theHg. the l-inc 
A C B in a Horizontal Situation, and di- 
vided at the Point C in fuch a manner 
that the Line A C may be to C B as i to 
5 ; arid that at the Point A there hang a 
Weight equal to 3, and at B, a Weighs 
equal to i, the Weights and Diftances 
will be in recipi'ocal Proportion. In this 
Cafe then/ the Line ACB^iU incline 
neither Way, but remain in the fame Ho- 
rizontal Situation it was |n before. For 
at the fame Time th^t the Point A pulled 
downwards by the Weight tends to def- 
cribe the Atch A D, the Ppint B being 
lifted up by the fame Force tends to def- 
gribe the Arch BE. Now the Arches 
A D and B E being proportional to A C 
and C ^ will be as one to 3. Therefore 



\ 
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the Weight at A which is as 3 tends to go 
over the Space A D whidi is as one, at 
the fame Time that the Weight at.B 
which is as one tends to go over the Space 
B E which is as 5. Now thefe two Ten- 
dencies or Efforts were ihewn to coun- 
tefpoife each other, and therefore fince 
tjie two Wieights tend contrary Ways 
with equal Forces, they can neither rife 
jior fall but muft remain in Equilibrio. 

This Propofition may be demonftra- 
ted feveral other Ways ; but the Method 
ufed occafionally by Sir Ifaac Newton by 
the Refolution of fmgle Forces intdj^ 
Compound is fo very curious, that I be- 
lieve it won't be difegreeable to confider 
that likewife, in a Manner fomewhat 
more diffufe, tiian was agreeable to his^ 
Purpofe or Method. 
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L, E T us fuppofe in Fig. a circular Plane 
fufpended in a perpejidicular Situation tp 
the Horizion, by an Axis that palTes thro* 
its Centre at right Angles to its Plane, 
the two Ends of which Axis being fix'd, 
the circular Plane may move round it, 
\>y a Force or Weight applyM to any 
Point therepf. If there be hung upon 
any Point of this Plane as A, a Weight as 

D 
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D, the circular Plane which before was 
in Ecjuilibrio, by reafon that all its Parts 
being at equal pittances from the Cen* 
tre could not preponderate anyway^ will 
now by this adventitious Weight altering 
its Equilibrium, be forced to revolvc 
round its Axis C, fo that the Point 
J^ Avould defcribe the Line A F. 
And fo if we Ihould fuppofe the Weight 

E, hung at the Point B, by a String B E, 
it would make the Plane revolve the con- 
trary Way from B to H. The Queftion 
is then, what is the Situation and Quan-? 
tity of two Weights, which having op- 
pofite Motions as D and E have, ihall 
keep this Plane in Equilibrio as it was be- 
fore. And I fay, that if we fuppofe a 
line A B drawn parallel to the Horizon 
and the Weights to be fulpended upon 
that Line in fuch fort as tliat their I>i& 
tances from the Centre C may be reci- 
procally proportional to their Weight?, 
they will remain in Equilibrio. 

B u T in order to demonflrate this, we 
Hiuft piremife the following Lemma^ chat 

' ' ' '' the 
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the EfFed of the Weight in turning tliis 
Plane will be the lame in all Points of the 
Line A G I D, as it will be in any one of 
them; that is, that it will have the fame 
EflfeQ at G or I, that it will have at A. 
This appears from what was before fhe wn 
of oblique Forces and theirEffei^s, in/. 28^ 

L E T us then fuppole the Weights D 
and £ hanging at A and B, and keeping 
the Plane in Equilibrio. Making the great- 
eft Diftance C B Radius, imagine a Cir- 
cle defcribcd upon the Pjane that fliall in- 
•erfea tlie Line A D in G, Then will 
CG be equal to CB. Now by tlie L.em- 
ma juft mentioned, the Weight D will 
have the fanre Effe£t pulling G C oblique- 
ly as the Weight E pulling C B at rigjlit 
Afigles. In this Cafe if the Weights were 
equal, the Plane could not be in Equili? 
brio ; for the equal Weight D afting ob^ 
liquely, has lefs Force than the equal 
Weight E that afts at right Angles ; ^q 
that the Weight E would overcome it 
and make the Plane revolve contrary, tq 

the Siippofition. Therefore to compeuT 
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fate this Defeft, its Weight* rrmft be fo 
jnuch the greater ; ttet is, by how much 
the perpendicular Force h greater thaa 
the oblique Force, by fo much muft the 
Weight applyM obliquely be greater thaa 
that which is apply 'd perpendicularly. 
Now in order to find the Proportion of 
the oblique Force to tlie perpendicular, 
draw G K at right An^es to G C, and I K 
parallel to it, and compleating the Para- 
llelpgram LGIK, the oblique Force 
GI will be refolvM into two, GKand 
L G. Now by what I prov'd above the 
oblique Force will b6 to the Perpendi- 
cular as G K to G I. But the Triangles 
•G I K and G I L are like as being 
formed by the Diagonal of the Pa- 
rallelogram, and thefe two are like to 
the Triangle A G C ; for the Angle A G 
C is equal to the Angle I G L, and there- 
fore to G I K, and there is a right Angle 
in all the three ; therefore all the three 
Triangles are alike or fimilar. Therefore 
asGKtoGI, foisACtoGC, butthe 
oblique Force is in this Cafe to the Per- 
pend* as G K to G J, therefore as A C to 

GC, 
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G C, and G C being equal to C B, the 
oblique Force is to the perpen^. as A C 
to C B. But it was fhewn above, that 
|>y how much the perpendicular Force 
exceeds the oblique Force, by forauch 
will the Weight applyM obliquely exceed! 
the Weight applyM perpendicularly; 
that is as the oblique Force is to the 
perpendicular, fo is the Weight E to the 
Weight D* But the oblique Force is to 
the perpendicular as A C to C B, therei- 
fore the Weight E is to the Weight D as 
AC to CB, which was the Thing to be 
proved. 

Now if we fuppofe the ufelefs and 
fuperfluous Parts of this Machine taken 
away, there will remain nothing but the 
Line A C B, ^ fupported by a perpendicu- 
lar Line at C, with the Weights D and 
E hanging at its Ends A and B, which is 
the Figure of the Ballance in our laft 
pemonftration. From hence we may 
infer, 

1^ Si NCI 
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I . Since two Weights hanging at 
the End of a Ballance will be in Equili<» 
brio if they are in reciprocal Proportion 
of the Diftances, fo if they are not in 
that Proportion, they will not be in E- 
quilibrio. 

Q. That on that Side where the 
Reaangle of the Weight into the Dit 
tance is greateft, that Weight will prevail 
and caufe the Ballance to deicend on that 
Side, 

3, That if we fhould fuppofe the 
Ballance inclinM to the Horizon as the 
Line G C N, the Weights will ftill be in 
Equilibrio, if the ^rms G C and C N be 
to each other in the fame reciprocal Pro- 
portion as A C to C B ; foi* it was prov'd 
before, that the Weight D pulling at G C 
had the lame EfFe6t as at A C ; and for 
the fame Reafon, the Weight E will have 
the fame EfFeft at N C that it has at BC 
Therefore thefe two Weights have the 
fame Effeft 5 that is, keep the Plane in 

Equi- 
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Equilibrio as well when diey aO: upon 
the inclin'd Ballance G C N, as when they 
aft upon the Horizontal Ballance A C B^ 
All that remains to be^rov'd is^ that G C 
lis to C N as A C to C B. But the An^ 
gle AC'G is equal to the Angle N C Bj 
and there is a right Angle at A and B by 
the Conftruflion, therefore the Triangle 
A C G is fimilar to the Triangle N C B* 
Therefore the like Sides having like PnJ-* 
portion* GG is to G N- as A C to C B* 

4» That if two unequal Weights 
are given> audit be required to hang thofe 
two Weights upon a Ballance, in fuch 
manner, tliat they may Iceep the Ballanca 
in Equilibrio, the Way is to divide the 
Length of the Ballance into^ Wo Parts 
tliat are to each otl]ier as the twoWeights, 
and to hang the greateft Weight at the 
end of the fhorter Parr^ and the kSkt 
upon the longer* 

$• That the leaft imaginable Weighs 
may cpunterpoife the greateft, if the Bal-' 
lance be divided in fuch a Proportion as 
that the Diftance of tlie fix'd Point from 

eichei^ 
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cither be reciprocally proportional to 
the Weight, That is^ that a Weight of 
1 Pound may keep fulpended a Weight of 
loooco, fuppofing the Diftances from the 
fixM Point to be reciprocally proportion- 
al to the Weight, that is as i to looooo* 
Thefe are the Properties of the Ballance . 
confiderM as fuch. 

But if we fhould iuppofc one of the 

Weights taken away, and inftead thereof 

any Force as of an animal Creature ap- 

plyM thereto, equal to the Force of the 

Weight, then the Ballance changes its 
Name, and is called a Lever* 



Of the L E V E R. 

IObfervM above, that the fmalleft Bo- 
dy in Motion, or which is the fame 
Th^ng, the fmalleft Force, is able to 
move the largeft Body at Reft, with a 
Velocity that is to its own in reciprocal 
Proportion to the Weight, and this il 

the moft that can be done by human PovO-- 

er* 






64 Of the Mechanical ^owefs. 

cr. That is^ a Maft is able by the Laws 
which Nature has affignM to Matter and 
Motion^ if all outward Impediment and 
Oppofition arb taken away, by his own 
Strength alone to remove the greateft Bo- 
dy, without having any Occafibn for the 
Affiftance of any Machine; But the 
Matter is, that thofe outward Impedi* 
ments are fo great, as to hinder this Law 
of Nature from taking Place. For Ex- 
ample, if a Man have Occafion to lift a 
Weight of 40 /. from the Ground, and 
to fet it upon any Place perhaps 3 Foot 
high ; fince this Weight is manageable 
by the Strength of moft Men, it follows 
that he will have nothing elfe to do but 
to take it in one or both Hands, and td 
Jift it to the Place defign'd. In this Cafe . 
it is plain, that the Weight will move 
with a Velocity equal to the Force; for 
a Weight that a Man holds in his Hand^ 
will certainly move as fall as his Hand does^ 
But if it fliould be required to lift a 
Weight of 600 /. to the fame Place, it 
\yas provM that he might do this alfo^ 
If he could apply his Force to it ip fucn 

a 
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i Manner that the Velocity with which it 
moves, might be as miich left thSn that df 
the former of 4oIib. as the Weight of 
40 lib. is lefi than 600, that is 1 5 times 
lefs ; if I fay he could do iWy he might 
remove this greater Weight alfo ; only h 
being 15 times gi-eater,it would by^what 
we prov'd move 1 5 times flower. .N01* 
this can't be done withont,the Interventi« 
on of fome Inftrument or Machine,for as 
I faid, if a Man apply c(nly the Member* 
of his Body, the Force can move no feft* 
er than the! Weight does ; but it is ne- 
ceffary that tt Ihpuld be 1 5 times fefter ; 
therefore fome Machine muft be apph'ed* 
What thofe are that are generally mfed 
for this Purpofe, I mentioned before ; the 
Lever, the PuUy, the Wheel, the in-- 
clin'd Plane and the Screw* I am now 
to confider the firft of them. 

This inftrilnient or Machine is gene- 
rally in Pradice a wooden or iron Bar^ 
%hen ufed for the lifting of Weights^ 
the' it comes in Ufe under rtiany differ- 
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eat Forms upon fcveral Occafions of 
Ijfe. There are four Kinds of Levers. 

I If a Man haveoccafion to lift a 
gre^t Weight, as for Example, a large 
Ld heavy Stone, entirely offtheGrouad, 
he-makes ufe.of a Lever of the firft 
Kind. Having firft got this Lever un- 
der the Weight that is to be mov'd, and 
faften'd them together, he lays another 
Stone, or Body that will ferve for a Prop, 
(or Fulciment, as it is ofi;en called) un- 
der his l>ever^ which Fulcimcnt, for a 
Reafon hereafter to be explain'd, he 
places as near the Weight that is to be 
mov'd, as conveniently he can. Then 
' will the Lever; the Prop or Fulciment, 
ind the Stone, appear as m the Figure. 
B 




riiis being done, with what Strength 
he 
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he finds jneedfiil, he prefles upon the 
longer End B of the Lever, downwards 
in the Direftidn B C, which End B do^ 
fcendingj makes the other End A of the 
Lever to afcend, together with the 
Weight that is feftenM to it. In this 
Cafe the fixM Point is between the pow 
er and the Weight. 

2* If a Man defires to fet fuch a Stone^ 
up on End only, without moving it 
entirely off the Ground, he makes ufeof 
a Lever of the fecohd Kind* Having 
got his Lever under the Stone, he lets it 
lie flat upon the Ground, without any 
Prop to fupport it, as he did before. 
Then will the Lever and the Weight ap- 
pear as in the Figure. Then inftead of 
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pufhing the Lever downwards as in the 
firfl: Cafe, he heaves it upwards, fo that 
the Weight lying upon one Part of it 

F 2 muft 
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muft afcend at the lame time with the 
Lever. In this Cafe the Weight is be* 
tween the fix'd Point and Force or Pow- 
er, the fixed Point being at the End of 
the Lever. 

5. The third Kind of Lever is where 
the Power is between the fixM Point and 
the Weight. A Ladder or a May-pole 
fearing up may be confiderM as a Lever 
of this Kind ; that Part of the Ladder 
that is between the Man's Hands that 
raifes it and the Top, being taken for the 
Weight, the Perfon's Hands for the Pow- 
er, and the End of the Ladder that refts 
upon the Ground for the fixM Point. 

4< The fourth Kind of Lever is where 
the fixM Point is at an Angle, and is cal- 
led a bended or crooked Lever. A 
Hammer drawing out a Nail is fuch a 
Kind of bended Lever. I come now to 
fhew the Properties of thefe four Kinds 
of Levers. 

Now 
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N o w the firft of thcfe is very evi- 
dently the fkme thing, as the BaUance, 
where the Weights are unequal, and the 
Arms that fupport them are unequal al- 
fo. For if we fuppofe in the Figure the 

A 
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Line A C B divided in C, and two 
Weights hung at the Arms C B and A C 
f eciprocally proportional to the Length 
of thcfe Lines, then by what I prov'd 
under my laft Head, thofe Weights will 
mutually lupport each other, and the 
Machine is called a Ballance. But if 
inftead of the Weight at the End of the 
longeft Arm, we fliould fuppofc a Man 
to apply a Force equal to that of the 
Weight, then it is called a Lever. Now 
in this Cafe inftead of feyingthe two 
Weights are reciprocal to each other, we 
fay the Weight and the Power are reci- 

? 5 procal, 
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procal. So that the EfFeft is the feme, 
but the Caufe alterM not in Quantity, 
but in Kind. From hence it follows,' 
that the Mathematical Idea of a Lever 
of the firft Kind, is an inflexible right 
Line A C B, one Point of which being 
fupported by a Line C M at right Angles 
to ky the two Parts of the Lever, im- 
pelf d by a Force or Forces^ defcrib^ Ar. 
ches round that Point ; whidh is the fame 
as the Ballance, Therefore all that has 
been prov'd of the Ballance hiay be with- 
out farther Trouble apply'd to the Lever 
of the firft Kind J the Line CM being cal- 
led the Prop or Fulciment, and the Point 
C upon which the Lever refts, the fixed 
Point. 

There is however one thing to be ob- 
(erv'd in Prafitice, which produces an Ef- 
feft in f he inclined Lever, that is not found 
in the Ballance, which it is convenient to 
take fome Notice of. In the Ballance 
the Weight generally ads upon the Arms, 
by pulling from below, by the means 

of one or more Strings fefteu'd to it j 

which 
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wKich meeting together in one Point at 
the BaDance, a£t only upon one Point of 
each Arm by the Nature of the Ma- 
chine. But in the Ufe of a Lever^ the 
Weight being generally fattened to it, 
or elfe lying upon it, ads upon feveral 
Points of the Lever at once, and there- 
fore when we are comparing the Diftan-^ 
ces of the Weight to that of the Power, 
we muft confider to what Point the 
Diftance of the Weight muft be compu- 
ted. For fince the Weight i^ in fbme 
Part of it nearer to the Center, as E F is 



1> E 



A 






F C 




V 


X 










■s, 


M 



B 



nearer than D A in the Fig. no Reafbn is 
aflignM why we fhould take C F rather 
than C A for the Diftance, which would 
make our Computation uncertain. Now 
in order to determine that Matter, the 

F 4 An- 
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fivSvitv is, that this Diftance muft be tsi- 
ken to the Point V, where a Line let 
fall from tlie Center of Gravity of tlie 
Weight interiefts the Lever. But this 
Term of the Center of Gravity of a Bo- 
dy, being new, it will be convenient to 
explain it a little* 

The Centre of Gravity of a Body is 
that Point round vi^hich all the other 
Parts would remain in Equilibrio, if that 
Point only were fupported. In homoge- 
neous Bodies the Center of Magnitude 
|s the Center of Gravity. As fpr Exam^ 
jple, ii we fiippofe a Plate of Iron cut in^ 
%o 2l circular, fquare, or triangular Form 
and a fine Needle fhould be placed un^ 
derneath it to fUpport it, in fuch fort 
that the Needle fliould exaftly hi| the 
Center of this Circle, Sqtiare or Triangle, 
^1 the Parts of the Iron Plate will be 
fulpended aiid reniain in Equilibrio round 
that Needle fo apply'd. So a homoge- 
neous Cube will remain in Equilibrio 
ippn the Point of the fame Needle, if it 
)^ fo apply "^id as to touch exadly tfee End 
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of any Line which pafles thro' its Cen* 
ter, and alfo to coincide with that Line* 
A few Tryals made upon proper Bodies 
will ftie w much better than many Wocds, 
that there is in all Bodies fuch a Centre^ 
round, which they will remain in £qui< 
librio, and that this Is commonly in ot 
near the Centre of Magnitude. 

Now! fay, that this being admitted 
if from the Centre of Gravity of the 
Cube A D E F, there be let fall a Per- 
pendicular to V, the whole Cube 
A D E F prefling upon the Line A F of 
the Lever, will have juft the lame ESt6t 
in turning the Lever round, as if it were 
to be hung by a String at the Point V, 
¥Lnd by that Means aft upon that Point 
of the Lever only. For if we fuppofe 
the Lever taken away, and inftead there- 
of the Needle X V to be applied at V, 
by what I faid before, the Needle XV 
will fupport the Cube. Therefore fincc 
the Needle at X V fupports the Cube, 
it is prefsM by the Cube with all its 
Weight : but the Line A F of the Leveir 

IS 
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is alfb prefsM by the Cube with atl its 
Weight; therefore that Line AF, and 
the Point V, are prefsM with equal Prrf. 
fures ; the Preflure which is difperfed all 
ever the Line A F in the firft Cafe, be- 
ing here united upon the Point V. But 
if we ihould imagine the Cube A DEF 
inftead of being lupported by the Needle 
XV, to be fufpended by a String at the 
Point V, it would ftill have the fame 
Effea, and the Effea of the Weight 
would be the lame at V (X V being now 
fuf^ofed to reprefent a String) in that 
Cafe alfo^ as before when it was difper- 
fed all over A F. By the lame Reafon- 
ing if we Ihould imagine in the Fig. a per- 
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pendicular inflexible Line V Z erefled at 
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V, and the uppermoft Point Z theredf 
ta fupport the Cube in like manner as the 
Needle X V did before, then it is plain, 
that the Cube prefling upon this inflexi- 
ble Line V Z, will by the Means there- 
of, communicate a Preffure at the Point 
V, equal to the others alfo. From hence 
the following Conclufion naturally a* 
rifes. - 

That if from the Centre of Gravity 
of any Body, there be drawn a perpen- 
dicular Line, that Body will have the 
lame EffeQ: in any one Point of that Line 
that it will have in any other. From 
thence may be deduced ^hele Propofi- 
tions. 
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That in a liver inclined to the Ho- 




rizon, as in this and the following Fi- 

Eire, if the Weight be feften'd«(/i>» the 
ever, it will require a lefs Force to fuf, 
tain it, when the Weight is elevated a- 
boye the horizontal line, than it does in 
" '"■"'" ntal PoCtion ; and on the con- 
t be below the horizontal Line it 
lire a greater. Foritwaslhewnj 
Diftance of tji? Wf'ght from the 
Prop, 
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Prop, muft be computed to that Point, 
where the Perpendicular from the Cen- 
tre of Gravity of the Weight meets with 
the Lever. 

But it is plain by infpedion, that i 
the former Cafe, this Perpendicular £dl 
nearer to the Center C, than the Point V 
Therefore \>y what was prov'd, as thi 
Diihnce is lels, fo the Power requir^i 
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tofuftain the -Weight muft be left. And 
in the latter Cafe it is equally plain, that 
the Diftancf is greater, and therefore the 
Power muft be greater. But if inftead of 
tying the Weight aJ^oH the Lever it were 
to be faftenM uf^der it,* then by the fame 
Way^of Reafoning'the direft contrary 
woy^d happen* This is fo plain from the 
forrrier, and by Infpe£Ubn of the Schemes, 
that^for Brevities fakfe I pals it aver ; and 
only obferve frorfi both, that if there ' 
fliould be Occaflon to fupport' a Weight 
by a Lever ahdve the horizontal Line, it 
is moft convenient to faften it upon^ the 
Lever, andr' if in the contrary Pofition, 
under it* Tllefe are the Properties of a 
Le\rer of the firft Kind* 

I N a Lever of the lecond and third 
Kind there is but this thing to he demon- 
ftrated, that if a Power fupport a Weight, 
their Diftances from the End, which is 
now the fixed Point, will be in recipro- 
cal Proportion* If in the Fig* we fup- 

pofe 
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pofe the Line AC 6 to reprefent a Lever 
of this Kind, and that a Power at B 
fupports a Weight at C, then I fay, that 
the Power and the Weight are to each o- 
ther I in reeiprocal Proportion of their 
Diftances as before. Let us imagine the 
Lever prolonged to D, fo that A D be e- 
qual to A C. It was fliewn before that c- 
qual Velocities caufed in equal Bodies 
muft be produced by equal Powers. But 
the Weight D equal to the Weight C, 
win by reafon of its equal Diftances from 
the Centre A, move when it is impelled 
by a Force at B with the fame Velocity 
as the Weight C. Therefore the lame 
Power that can fupport D will fupport 
C alfo. But the Line DAB is a Lever 
of the firft Kind, in which we prov'd, 
that the Power B was to the Weight D, 
as A D to A B. Therefore iince the fame 

Pow- 
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Power fupports C equally, it will alfo 
be to the Weight C as AD to AB; 
CI* A D being equal to A C by the Con- 
ftruftion, as A C to A B. (^ E. D: 

The third Kind needs not a particular 
Demonftration if we confider rightly the 
Meaning of the Propefition juft now 
demonftrated. The Meaning of which 
is, that if a Line fhould have one End 
fix'd, and Ihould be capable by means of a 
Force or Forces applyM to it to revolve 
round that Point as A j and that two 
contrary Forces are applied to it at G 
and Bj the one at C impelling the Line 
downwards, and the other at B pufhing 
it upwards ; (that is the Weight a6Hng 
at C Snd the Power at B) that to make 
thefe oppofite Forces counterpoize each 
other, the Quantity of each Force muft 
be in reciprocal Proportion to its Di- 
ftance from A* This is the Lever of 
the fecoad Kind* But if we ffiould fup* 
pofe the Cafe inverted, and that at C the 
Force afits upwards and at B downwards^ 
which is the Gafe of the Lever of the" 

third 
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third Kind where the Power a&s zi C; 
and the Weight at B, yet it is I think 
Very plkin, that thb' the Dircftion of 
the Forces Be alterM, theit Quantity 
muft remain the fame in order to cbun* 
terpoize dach dther^ that i^ the Power 
will be to the Weight in reciprocal Pro-^ 
portion to their Diftances from the fix'd 
Pdint or Fulciment A; 

IThe fourth Kind is where the fix^d 
Pbint or Fulciment is at an Angle^ as 
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A C B in the Fig. In this Cafe alfo the re- 
ciprocal Proportion of the Diftance ftili 
holds, that is, the Power apply'd at A 
id fupport the Weight at B, is to the 
Weight B as the Line B C to A C Make 

G DG 
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DC equal to A C, and let B C be to 
A C or D C, as I to 3. Now if we 
fuppofe the Weight at B to weigh three 
Pounds, the Force A wliich fiipports^ 
Bnr^ founds at a Diflance CB=i« 
will lupport one Pound D at a Diftance^ 
C D equal to 5, as was before provM* 
But the Weiglit D is to the Weight B in 
reciprocal Proportion of the Difhnces 
B C and CD; whence it follows, that 
the Force at A at the Diftance A C fuP 
taining the Weight D at the Diftance 
C D, IS al:(b in the fame Proportion j 
that is, the iPower at A is to the Weight 
B^ as B C i$ to C D or A C. 

The Surj of what we have demon- 
ft rated above, is contained in thefe Propo- 
fitions# 

« • • • • • ■ • 

!• That* in aBTthe four Kind^ of Le- 
vers, when the Diftances of the Weight 
and the Power are reciprocally propor- 
tional to the Quantities of their Forces j 
th^t is, when the Weight and Power 
muttiply^d into their Diftances produce 

equal 
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cqtfal Reftangles on b^th Sides j the 
Weight will be barely fuftain'd by the 
Power* Wherice it follows, 

2* That if 6n the Si^e of the PoW* 
fer,^ that Reftangle be never fo little the 
greater, the Power will prevail and 
move the Weights 

34 That the Diftaiice froffi th« 
Veight to the fixM Point or Fulcimentj 
is to be rcckonM from the Point of the 
Lever^ which is interfered by a Perpen- 
dicular let fall from the Center of Gravity 
of the Weight, fo that in an indinM Le- 
ver^ the Power requifite to fuppbrt it vi 
in fome Cafes lefs, and in others more,' 
than is neceffary to fupport the lame 
Weight upon an Horizontal Lever j in 
which the Lever differs from the Bal- 
lanccj where the fame Weights in all Po* 
fitions whatfoevef of the Ballance couit* 
f erpolze each otherj as was fliewn* 

4. That the Icaft imaginable I'dwer 
fliay fuftain the greateft imaginable 

C 3 Weight 
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Weight, if thtf Length of the Lever be 
fo divided, that the Diftance of the 
Power from the Fulciment be as much 
greater than that of the Weight from the 
Fulciment, as the Weight is greater than 
th.§ Power. 

5. That if that Diftance be made a 
little greater than in that Proportion, it 
will not only fuftain but tnove it. But 
that 

6. The Weight will move proportio- 
nably flower j the Velocities of both be- 
ing, as I have often took Notice, pro- 
portionable to the Diftances troni the 
fixM Point. 



rffaMlMMiMti 



Of the P u LL r. 

IShewM in my Difcourfe upon the 
Lever, that the moit that can be 
done by human Power in fupporting of 
Weights that are fo great as not to be 
managed by the natural Strength of a 

Man, 
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Man, is to apply a Machine to thofe 
Weights, by the Intervention of which, 
one may in fuch a manner, proportion 
the Velocity with which the Power 
mores, to that with which the Weight 
moves, that they fhall be to each other m 
reciprocal proportion to the Quantity of 
the Ppwer and the Weight ; that is, that 
the Part of the Machine applyM to the 
Weight may move as much flower than 
that iPart of the Machine, which is ap- 
plyM to the Power, as the Quantity of 
the Weight exceeds fhe Quantity of th^ 
Power. I then fhewM, how this may 
be done by the Application of ^ Lever, 
by which, if a Weight be fiippprted by 
a Power lefs in Quantity than itfelf, th^ 
Diftances (and confecjuently the Veloci- 
ties) of each, muft be in reciprocal Pro- 
portion to their Quantities, 

But if we confider the Nature of 

-the Lever, we fliall find, that as upon 

jCbme Occafipns it will {)e of Service, be-^ 

caufe, that by the Help of it one may 

j^pply a fmall Power to the, fuftaining or 

(J 3 moy- 
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moving a grqit Weight, \yhich is of 
great Ufe upon ^veral Occafions pf 
|Life ; fo on the other Hand for fome o- 
ther Ufes, it will be pf no Service at all, 
]Por Example, if it be requirM to raife 9 
great and heavy Stone fo high from the 
ipround, that it might be fet upon 4 
proper Carriage, in prder to be tranfpor* 
|ed to any Diftance by the Help of that 
Carriage J in this Cafe the Lever will be 
pf Service, becaufe that one or more of 
them b?ing dextrpujlly appljed tp the 
^tpne^ may lift it tp Ip fma^l a Height 
^s fuch a Carriage generally needs tp be 
pf, perhaps 2 or 3 Fppt But if it wer§ 
jeauired to raife the fame Stpne 30 or 
40 Foot high ; in thi§ Cafe the Leyep 
^ill fignify nothing. For if we fuppofe 
fhe Weight to be to the Power, pnly a$ 
i toi, a Lever fufficient tp raife fuch a 
Weight by the Help pf fuch a Power to 
fuch a height, muft t)e above 90 Fopt 
long, which i$ fuch an In|lrupient a§ 
pan neither be made npr managM in Prac-r 
?ic?: To fup|)ly tbi§ luffed therefore, 

the 
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the PuUy was invented, which I now 
propofc to fpeak of* 

The PuUy is a round Block of Wood, 
turning round a Pin, going thro' the 
Middle of it, in the Thicknels of which 
there is cut a Groove of fufficient Breadth 
and Depth, to admit a Rope to run in 
it with Freedom, and without rubbing 
againft the Sides, at leaft as little as is 
poffible^ This is fb common a Machine, 
and fo generally known by the Ufe it is 
of in a Jack, that I need lay no more by 
way of Defcription of it. In our Ar- 
guings concerning it^ we are to fuppofe 
it perfedly circular, to turn with all pol^ 
fible Freedom about its Axis, which is 
fuppofed to have no Thicknels, and the 
Rope made ufe of to be perfectly fuppl© 
and pliant, and of no Thicknefs likewilc^ 
As to its Bignefe or Diameter, we fhould 
fiippofe it as fmall as we can, becaufe, 
tho' in Practice fuch PuUies will not be 
fb convenient, by reafon of fome out- 
ward Accidents, yet fince in thefe Spe- 
culations, we entirely fet afide the Con- 

4 . fideratiofl 
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fideration of thole Accidents ; it will be 
fnoft convenient to imagine them fq 
Imall, as to bear no fenfible Proportion 
to the Height of the Machine from the 
Ground, and alfo to have no Weight i 
that is, fo that we may fet afide the Con-? 
fideration of their Bignefs and Weight. 

The Manner of applying this Ma- 
chine is as follows* The Height to 
which the Weight is to be raifed being 
determined, there muft be fet up at that 
Height ibme firm Support, able to bear 
the whole Strefs both of the Weight and 
of the Power afting upon it at once. 
Jii JPraClice they make Ufe pf the Sheers 
for this Purpofe j or a ftrpng crofs Beam 
well fupported on both SideSj^ when 
they would raife the Weight to greater 
Heights than the Sheers can be con- 
veniently applied to. Then to this 
Beam is faftenM a Pulley by the Help pf 
fome Contrivance, which at the lame 
time that it keeps it tight, and clcife, and 
firm to the Beam, gives fi-ee Leave to 
the PuUy to play about its Axi^j. Thea 
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into the Grooyei, that goes round the 
Thicknefs of the Pulley, they flide the 
Rope, which naturally hangs down loofe 
pa both Sides of the Fully, and one End 
of the Rope is tal^en hold of by the Per. 
ion that is to draw i?p the Weight. At 
the fame time there is preparM another 
Pully below, which has a Hook, or o- 
fher prpper Device to take hold of the 
Weight witli^ feftenM to it in fuch man- 
ner, as that the Pully may play freely 
about its Axis, while the Hoqk remains 
unmoyed and {]:edfaft, by a l^ce Contri-r 
vance with that pf the upper Pully, 
^hen the other End of the Rope that 
liangs Ipofe being let down, is taken 
hold of by thofe bejgw, and put round 
f he lower Pully ; from whence it is again 
carried up and faftenM at the Top by 
forjie Device tp th? crpfs Beam* This 
Fattening is made fure and tight, and as 
ftrong as they can poffibly make it, be- 
caufe upon that Part of the Beam the 
Force and Strefs of the whole Machine 
^epends, ThcA wiU the whole appear ias 
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in the Fig. This being done, the Man 
that is to raifc the Weight, pulls his End 
of the Rope with all his Force down- 
wards, which increafing the Length of 
the Rope towards him, muft needs ftior- 
ten it every where elfe. Therefore the 
Lengthof the Parts pf th^ Rope froro the 
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fixM Point to the lower PuUy, and from 
the upper Pully to the lowor PuUy being 
ihortenM, it follows, that the lower 
Pully muft rife, tlje Diftance between it 
^nd the crois Beam at tqp, becoming fo 
much lefs as thoie two Pi^rts of the R^ope 
are made fhorter. Then giving a &« 
jpond Pull, he raifes it as much higher, 
and fo on till at laft it arrives at the top^ 
carrying with it the Weight faftenM to 
jt by the Hook. 

From this Delcription, one may, 
without much Trouble, d^uce the fc- 
y eral Properties of the Pully, the firft of 
which is, that if the Power be equal 
pnly to half the Weight, it will fqpport 
it by the Help of this Machine. 

T o prove this, I muft premife by Way 
pf Preparation, an Axiom or Law of 
^ature, reUting to the Communication 
pf Motion, which I have not yet taken 
X^oticepf^ which is, 

That 
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. Th A T in Bodies afling upon each o- 
ther, the Body a£led upon doth commu-. 
nicate to that which ads upon it a Re-» 
aOiion, which is contrary and equal to the 
Aftion of the other Body upon it felf ; that 
is, to exprefs my felf more univerfally 
and concifely, that Afl:ion and Re-a£tioh 
are contrary and equal to each other. 

To explain this a little. If a Man 
preffes with his Finger upon a Stone, 
the StORie by Re^aQion prefles equally 
upon his Finger. If a Man is driving a 
Nail into a Piece of Timber with a Ham-» 
roer, the Nail aQ:s upon the Hammer by 
driving it back, as much as the Hammer 
a£ts upon the Nail in driving it for- 
wards. If a Man be pulling a Stone to- 
wards him by means of a Rope fafteiiM 
to it, he is by the Re-aftion, puUM as 
much backwards towards the Stone, as 
the Stone is pullM forwards towards 
})tm. If a Weight be fufpeaded by a 
Rope from a Beam, by that Means it 
jitfts upon that Part pf tli? Beam it is fu& 

pencjed 
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pended from^ pulling it downwards, 
with a Force equal to its Weight. In 
this Cafe, the Beam fhall by its Re- 
a£l:ion pull the Weight upwards from 
above, exaftly as much as it felf is pul-« 
led downwards by the Weight from be-* 
low. 

T o apply this. The Weight hanging 
from the lower PuUy in the Machine be- 
fore defcribed afts upon the two Strings 
on each Side, each of which, for that 
Reafon muft fuftain half .the Weight on- 
ly. Therefore the Weight tends to 
pull Part of the String D C E over the 
PjuUy at C J with a Force equal to that 
of half its Weight ; but we fuppofed the 
Power pulling at E in a contrary Direc* 
tion to be equal to half the Weight ; 
therefore thefe two Forces being equals 
will fuftain each other mutually* The 
other half of the Weight afts upon the 
String A B, pulling it downwards, but 
by the Law of Re-aftion it will be pull'd 
upwards by an equal Force ; therefore on 
that Side alfo, it will be kept-fufpended 

by 
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by a Forc^ fcqual to that with which it en* 
deavours td deicend. Hence it follows, 

< 

; I* Th A T if \;^^e ikppofe the Machine 
to be alterMj and the fixM Point A being 
removed, a fecbnd upper Pully to be 
be placed in its room; and that thtf 
String B A were fo lengthened, as that it 
might be thrown oyer this fecond upper 
Pully arid hang doWri to F ; and that a 
new F6rce equal to half the Weight 
fhould be apply 'd at F pulling the String 
A F down wards* I fay, that this Force 
wculd be equal to that^ by which the 
fix'd Point A fuftains its Share of thef 
Weight For the Force by which the fix'd" 
Point A fuftakis the Weight, is equal by 
the Liw of Aftion and Re*aQ:ion, td 
that with which theWeight i£ts upon it . 
but by what was faid before^ the Weight 
a£l:s upon it with half its Force ; therefore 
the Force of the l^oint A in fuftaining 
the Weight is equal to half the Weight- 
But this new Force acting by thi^ 
new Fully is equal to half the Weighty- 
therefore it is equal to the Force of the 

Point 
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Point A. From hence we conclude, fiip- 
podng this new Fully to be now re^ 
niov'd, 

2 . That the String A B, and the 
String C D, are equally ftrainM by the 
Anions of the Weight, and Power, and 
fixM Point upon thefli. For the Weight 
ftrains each of them with a Force equal 
to half its Weight ; and the Power, ami 
fixM Point on their Side, ftraia them e« 
qually, with Forces fevcrally equal to 
half the Weight ; therefore being ftrain« 
ed by equal Forces, they muft be e- 
qually drained. 

3. T H E Power will be to the Weight, 
as Unity to the Number of Strings ap- 
plyM to the lower PuUies ; that is, in 
this Cafe as i to 2 ; the Number of 
Strings applyM to a fmgle lower PuUy 
being two, as is plain by Infpe£tion. But 
the Power was fliewn to be to the 
Weight as i to q ; therefore as Unity to 
the Number of Strings. 

4* I' 
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- 4. I r the Number 6f upper and low-' 
cr Putties fhould be increafed, thefe ^tqP 
pofitions will reiiiain true in like Manner 
as before* 

The moft fimple Way of cdnceivin^ 
this done, is by fuppofing the lower 
Pullies to be faftenM upon a crofs Piecci 
and the Weight to be hung exaftly iii 
the Centre of Gravity of tliis croft Piectf 
and of the Pullies taken together, by i 
Hook, as in the following Figure* 
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I F we then fuppofe the former Weight 
hung upon this Machine, it plainly fol* 
Ibws, that the Weight a£l:ing upon the 
drofs Piece pulls it, and by that Means 
the PuUies feftenM to it. Now in this 
Cafe theWei^ht which before a£ted upon 
one lo>*^er Fully only, is here divided in* 
«o three equal Farts. Therefore each 
lower Pully is afted updn, but with 
6ne third <)f the Weight And (uice 
there are two Stringp to each loweif 
JuUy, the Adioji of dach pf thofe third 
l^arts, will by what Was ptovM befprej 
%^ divided again into two other equaj 
l^arts, each *f which will be fuftainM by 
4ach String*: T^henpforie every String 
i^ill fuftain onehalf of one, third, that is^ 
4 fixth Part of the Weight* Therefore 
tlie String; A B, which is next to the 
power, is aflrcd upon by only a fixth 
l^aft of the Weight, which for that reafon^ 
will be fuftain'd by a Power equal to d 
fixth Part of the Weight. And it is 
plain from the fame Reafoning, that this 

will 
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will be th^ Cafe, let the Number of Put 
lies be never fo great* 

And the Reafon of this will apipear^ 
if we confider foroething nearer the 
Make of this Machine* For by the 
Nature of it, the Weight afting upon 
the String K i, tends to pull that String 
downwards, from the Fully between I 
and G, and by that Means to make the 
feveral Parts of it to defcend towards 
the Point K. But if any Point thereof^ 
as a defcends, it muft make the Point b 
In the String .G H to afcead. But by 
theNature of the Machine, all the Strings 
Bue puU'd downwards equally, and there* 
fore the Point b tends to defcend with 
the fan^ Porce as .^ does ; for which 
Reafon, neither can one defcend nor the 
other afcend* Therefore thofe two Parts 
of the Weight, that are fupported by 
the Strings I K and G H, are not at aU 
fuftain'd by the Power, but rby jth.eir mu^ 
tual Counterpoize ; that Part pf th^ 
Weight that afts at K, being fuppprted 
by the String Q H, and that Pat? that. 

H 2 ads: 
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adls at H by the String I K, ading with 
equal Forces contrary Ways. In this 
Cafe, the horizontal Diameter of the 
Fully I G may be confiderM as a Ballance 
or Lever, in which the two Arms are 
equally diflant from the Centre, and 
two equal Forces pull thofe two equal 
Arms downwards, in which Cafe it was 
fliewn before, that thefe two Forces 
would mutually fupport each other. 

A N D by the fame Manner of arguing, 
one might fliew, that the two Parts of 
tte Weight afting upon E F and C D^ 
fupport each other mutually. Now here 
being four Parts of the Weight out of 
the fiXj which as we have toewn, fup- 
port each other, it follows, that we 
have but two to provide Forces for. 
But the Part of the Weight applied to 
LM, is fupported by the fix'd Point at 
L, with a Force equal to that with 
which it afts upon L, by the Law of 
AQ:ion and Re-a£tion mentioned before. 
So that all the Weight the Power has to 
fupport by its own Strength, is tliat fin- 
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gle Part Only that afts upon A B, which 
being a fixth Part of the Weight, it is 
plain, that a Power equal to a fixth Part 
of the Weight, will be fufficient for that 
Purpofe as was fhewn before. 

' I have dwelt the longer upon this, 
Becaufe there is fomewhat particularly 
fobtle and worthy Obfervation in the 
Contrivance of this Machine, wherein 
to great a Piart of the Weight fupported 
by it is thrown off from the Power, and 
made as it were to fupport it felf. 

From hence itfollpws, as before, 

I. That the Strinjgs are equally 
ftrainM, being pulFd by equal Forces. 
For in this Cafe we fliewM that each 
String is ftrain'd by a fixth Part of the 
Weight, therefore equally. 

r 

3. That the Power is to the Weight, 
as Unity to the Number of Strings ap- 
plied to the lower Pullies ; for as appears 
by Infpefbion, the Number of thofe 

H 3 Strings 
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Strings Is ^, and it was fhewn, that thf 
Power is to the Weight as one to fix, 
^nd that this will be the Cafe when the 
Number of Pullie;$ \^ greater, ther^ qifl 
be no Pretepce of Rf^afpn tQ doubt, 

5. S 1 1^ c jf thfr Power that onljr^/- 
forts a Weight by the Help of PuUiesj 
muft be to the W)?^ht as Unity to the 
Number of Strings appli^ to the lowef 
Pullies, it follows, that a i?oy;rer tHj^t 
movet a Weight by th? Help of Pullie?, 
muft be in a. greJ^ter Proportion tothp 
Weight, tHan that of Unity to the 
Number of Strings ; bec^ufe a Power 
that movesy muft be greater than tha' 
which barely fufpcirts.,^ And. by hpw 
much ;he Quantity g&^t^^ Po\yer ^xc^dsj 
this Proportion, witiy.fd.much the grea^ 
ter Velocity it will cauft the Weight t^ 
afcend towards the fix'ii Point, 

4. T H AT in thi? Afcent thq feveral 
Parts of the Strings will move with difn 
ferent Velocities, that are as the Lengtlis 
of the String taken b^t^een 3ny of tliof| 

' Parts 
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Parts and the fixed Ppint Lt For the 
entire Cord may be cpnficJerM as a flexi- 
ble Lever of the fecond kind, in which 
the fixed Point, or Fulciment, is at one 
^nd L, and the Power aQ:s at the other 
]^nd at the PuUy A ; in which Cafe, by 
what was fhewn before, the Velocities 
of the Parts of the Lever will be as 
their Diftances from the Fulciment. If 
we fiippofe tlie lower PuUies raifed al- 
moft !ts high as the upper Pallies, this 
^efemblance between the Cord and the 
l^y^r will appear more plainly. 

'\$y That by tWs Inftrument alfo one 
may move the greateft imaginable 
Weight, with the leaft imaginable Pow- 
er, by increafing the Number of PuUies, 
fo a$ that the Number of Strings apply'd 
to th^ Iqwer JPullies, . may be to Unity, 
^ the .Weight to th^ Power, 
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Cftht Wheel and Axle, jome^ 

times called the Axis in Peritro^ 
chio. 

TH E Wheel and Axle has all the 
Advantages belonging to the Ful- 
ly, with fome peculiar to it fcl£ It may 
not unfitly be divided into two Kinds* 
iimple and compound. 

T H 1 Simple confifts of two Cylinders j 
having one common Axis, but unequal 
Safes. Tlat with the larger dale is called 
the Wheel, and the other the Axle. So in 
Fig. I. the Cylinder whole Bafe is A B, 
Is called the Wheel^ and the Cylinder 
whole Baie is C D, is called the Axle. la 
Pradice, their Bales and Altitudes are 
generally Co proportioned to each other* 
that the Altitude of the Wheel is lefs 
than the Diameter of its Bale ; and on 
the contrary, the Altitude of the Axl« 
exceeds the Diameter of its Bale. 

The Manner of ufing this Machine 
I as follows. The two Ends of the 

Axle, 
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Axle being fo fupported in an horizon- 
tal Situation, that the whole Machine 
may freely revolve about the common 
Axis of the Wheel and Axfe; the 
Wheel by fome outward Force applied 
to it, is made to turn round, which o*- 
bliges the Axle to turn round likewife. 
This is fometimes done by Means of a 
Rope going round the Wheel, and faf- 
tenM to fome Place in its Circumfe-^- 
rence ; fometimes by Men walking with- 
in it, as in the ordinary Cranes ufed for 
lifting and removing Godds ; which are 
only Applications of this Powen Ano- 
ther Rope is alfo faften'd about the Axle, 
in fuch a Manner as to wind it felf 
round it, while it revolves by means of 
the Force applied to the Wheel. That 
End of the Rope which hangs down is 
faftenM to an Hook or other Device, by 
which it takes hold of the Weight, 
Then the Force acting upon the Wheel, 
makes both the Wheel and Axle turn 
round ; and the Rope faftenM to the 
Axle, winding it felf abouf it by that 

pieans, muft Jieceffarily ^ull up the 

Weight J 
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Weight ; the Portion of Rope between 
the Machine and the Weight, continual- 
ly growing fliorter and (borter, by Rea- 
fon of its winding it felf about the Axle 
as feft as the Wheel turns round. There- 
fore the Weight muft afcend continually 
towards the Machine, till fuch time as 
the whole Rope being wound about the 
Axle^ it is made to rife as high as th^ 
Force that ads upon it. 

From this Defcription of the Ma-- 
cliine and its Ufe, we may obferve, Firft, 
that here are two contrary Forces aft- 
ing in Oppofition to each other, one 
whereof, that is the Weighty tends to 
make the Machine revolve one way, 
and the other^ that is the Power, tends 
to make it revolve another way. Se* 
condly, that thefe Forces aft at different 
Diftances from the Axis, or immoveable 
Line, round which the Machine turns ; 
namely, the Weight at a Diftance equal 
to the Radius cf the Axle; and the 
Power at a Diftance equal to the Radius 
of the Wheel. Now this anfwers to a 

Lever 
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Lever of the fecond KincI^ where the 
fixed Point is at the End of the Lever, 
and the Weight between the Power and 
tile fixed Point* Therefore what was 
diicovered and ihewn under that Head 
relating to fuch a Lever, may be alfo ap. 
plied to this Machine, exprefiing the 
Diftance of the Weight by the Radius of 
the Axle, and the Diftance of the Pow* 
er by the Radius of the Wheel. 

N o w it was there found, that where 
the Diftance of the Weight and the 
Power from the fixM Point are recipro* 
cally proportional to their feveral Quan- 
tities, the Weight would be fuftained by 
the Power, and from thence it was ccm- 
eluded, that if either the Quantity, or 
the Diftance of the Power exceed that 
Proportion, it would be fufficient, not 
only to fuftain, but to move it. Hence 
it follows, 

I. That if in this Machine the 
Radius of the Axle be as much le(s than 

the Radius of the Whcel^ as the Weight 

is 
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is greater than the Power, the Pow- 
er will fupport the Weight; that is, 
if the Radius of the Axle be as one, 
and the Radius of the Wheel as three ; 
and if the Weight be as three, and tlic 
, Power as one, that then the Power will 
fufpart the Weight. And therefore, 
that if either the Quantity of the Pow- 
er, or the Radius of the Wheel be great- 
er than in this Proportion, the Power 
will move the Weight. It was alfo in- 
ferrM, that the leaft imaginable Power, 
might fuftain the greateft imaginable 
Weight, if the Diftance of the Weight 
from the fixM Point, were as much Ie(s 
than the Diftance of the Power from 
that Point, as the Power is lefs than the 
Weight ; and if that Diltence of the 
Weight be ftill lels, it would move it. 
Hence we conclude, 2. That in the Wheel 
and Axle, if the Radius of the 
Wheel exceed the Radius of the Axle, as 
much as the Weight exceeds the Pow-» 
er, that with this Machine alfo, the 
leaft imaginable Power may fuftain the 
greateft. imagiqable Weight ; or if the 
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Excefs be ftiU greater in than that Pro- 
portion, it will aifo move it. 

From what has been (aid, it aj>* 
pears, that by increafing the Radius of 
the Wheel, io Proportion to the Radius 
of the Axle, one may by the Help of 
this fimple Machine alone, remove as 
great Weights as ufually come in the 
way in common Life ; only by diminilh- 
ing the Radius of the Axle, or increaf- 
ing that of the Wheel, in fuch a Man- 
ner, that thefe Radii may bear the &me 
Proportion to each other reciprocally, as 
the Power and Weight do. 

But when we come to apply this 
Speculation to PraSice, it will be found, 
tliat if the Weight exceed the Power ve- 
ry much, one of thefe phyfical Hindran- 
ces will happen. Either the Axle muft 
be made fo flender as not to be able to 
fupport the Weight, or the Radius of the 
Wheel muft be fo large, as many times 
it will be impoffible to make or mana 
fuch a Machine as would be neceffary. 
No 



1 1 o Of the Mechanical ^^.ewers* 

N o w to fupply this Dcfefl:, the com- 
pound Wheel (if I may fo call it) was in- 
vented. The Contrivance is after this 
Manner* The Axle being made of fuffici- 
ent Strength and Tbicknefs to fup* 
port the Weight, the Wheel belong-- 
ing to it is made of fuch a Radius as 
they tind moft convenient, and the 
Circumference of the Wheel is cut in to 
Teeth as in the Fig. Then cither above 
or bdow ^it matters not which) there 
is placed a lefler Wheel cut into Teeth 
of equal Bignels, or ratlier a fmall mat- 
ter dels than thole in the large Wheel. 
This lefler Wheel is called the Pinion* 
This Pinion is alfo faften'd to another 
Axle, and fo placed, that the Teeth of 
the Whed and Pinion may take hold of 
each other^ as they both turn round. 
At the End of this fccond Axle is fiiften- 
ed another large Wheel, whofe Circum- 
ference is divided into Teeth like the 
former ; and under it is placed a fecond 
Pinion fiiftenM to another_Axle. At 
the other End is iaftenM another large 
Wheel, to wWchthe Force that turns 

the 
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the whole Machine is to be af^lied. All 
this is fliewn in the Figure. One may 
if there be Occafion, multiply the Num- 
ber of the Pinions and Wheels ftill &r- 
ther; but as the Method is ezadly the 
fame, it will be to no purpofe to fpend 
Words in carrying on the Delcription 
&rther. Now by this Means the &fne 
Ef&d: is product, as if the Radius of 
the firft Wheel liad been increaied, and 
it is very plain, it is done much more 
eafily and conveniently. How this comes 
X.0 pafs, I {hall now {H*oceed to explain. 

Suppose it were required with a 
Power equal to 40 lib. to fuftain a 
Weight of ifiie> Pounds, which is to the /■> 3 
Power as ic8 to i. Suppofealfo, that 
an Axle made of proper Materials, of 4 
Inches Radius, that is, of 8 Inches Dia- 
meter, were juft able to fupport fuch a 
Weight without breaking. Now if we 
make ufe of the fimple Machine to fui^ 
tain this given Weight, within this given 
Po^s^rJ we fhall find that it will re- 
quire to an Axle of 8 Inches Diametei 
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a Wheel of 7 2 Foot in Diameter to fu(^ 
tain the Weight* But fuch a Machine 
is impoflible to be made, or to be mana^ 
ged by filch a Power. Therefore the 
compound Wheel muftbe ufed. 

To detaonftrate its EfFeft^ I ttiuH 
premife, what I pfovM before in general^ 
and confirmM by the Examples of thofe 
mechanical Powers I have treated bf hi- 
therto, "vis:^. That where the Quantity 
of a Power, and the Velocity* with 
which it moves, multiply^ into each o* 
ther produce a Reftangle or ProduQ: e- 
qual to that of a Weight multiply M 
to its Velocity^ the Power and the 
% "^ Weight will be in EquMbrio. That 
is, if a Power be=: f, and its Velod- 
ty = 20 J and a Weight be = 20, and 
its Velocity = i , this Powet and Weight 
will mutually fupport each other; the 
Rectangle on each Side being =26. 
Therefore if I prove, that the Velocity of 
the Power may by the Help bf this 
compound Wheel be fo indreafed, as 
when multiplyM into the Quantity there* 

6f| 
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of, to be equal to the Velocity of the 
Weight multiply^ into its Quantity, I 
fhall have provM at the fame time, that 
this Power applyM to this Machine will 
fuftain the Weight; 

Let the uppermoft Wheel be called 
A, the Pinion under it B, the fecond 
Wheel C, the fecond Pinion D, and the 
third Wheel E. Let the Wheel A be 1 2 
Inches Radius, that is, 1 Foot Diameter^ 
and let the Axle be, as was faid before> 
4 Inches Radius. Imagine the Power 
applyM at the Circumference of the 
Wheel A, and by what was fliewM be^ 
fore, its Velocity will be to that of the 
Weight, as the Radius of the Wheel to 
the Radius of the Axle, that is, as 1 2 
to 4, that is, as 3 to i* Let us now ima- 
gine the Radius of the Pinion B un- 
der it xti^ be two Inches, and the Nuni- 
ber of its Teeth = 12, and thofe of the 
Wheel A = 72, that is, as their feverai 
Radii, that is as 3 to 1 2, that is as r to ^^ 
Let the Wheel C be equal in Radius^ and 
in Number of Teeth to the Wheel A. We 

I are 
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are now to fuppofe the Power applied at 
the Circumference of this Wheel C, and 
to find its Velocity there. Now the 
Weight being fuppofed to a£t upon the 
Axle of the Wheel A, makes the Cir- 
cumference of that Wheel revolve with a 
Velocity that is to its own as 3 to i. As 
its Teeth go round they catch fucceffive- 
ly upon thofe of the Pinion B, and make 
that Pinion go round with a Velocity e- 
qual to tiieir own ; that is, three times 
fafter than the Weight; for the Teeth 
catching upon each other, can move 
neither fwifter nor flower than each o- 
ther. The Pinion B in going round, 
makes its Axle and the Wheel C go round 
like wife- But the Radius of the Wheel 
C being to that of the Pinion B, as fix 
to one, the Velocity of its Circumfe- 
rence, and therefore of the Power fup* 
pofed to be apply'd there, will be to 
that of the Pinion B, as fix to one alfo. 
But the Pinion B is three times fwifter 
than the Weight, therefore the Velocity 
of the Power at the Wheel C, being 6 
times greater than that, muft be 1 8 times 

greater 
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grrater than that of the Weight. Sup- 
pofe, laftly, the Power apply*d at the Cir- 
cumference of the Wheel E. ThisWhecl 
having no Pinion to take hold of, has 
no Teeth, but is made like that in the 
fimple Machine with a Rope for the 
Power to move it by. Let the Pinion D 
be equal in Radius, and in Number of 
Teeth to the Pinion B, and let the Ra- 
dius of the Wheel E be equal to that of 
the Wheels C and A. Then by what 
was Ihewn before, the Teeth of the 
Wheel C, taking hold on thofe of the 
Pinion D, make that Pinion turn round 
with a Velocity equal to their own. 
That Pinion turning round, makes the 
Wheel E turn round alfo with a Veloci- 
ty, that is at the Circumference, as the 
Radius of the Wheel to the Radius of 
the Pinion, that is as fix to one. But 
tJie Velocity of the Pinion D is i8 times 
greater, than that of the Weight, as was 
Ihewn before ; therefore the Velocity of 
the Power at the Circumference of the 
Wheel E, being fix times greater than* 
that, wijl be to that of the Weight, asl 

I 2 (§? 
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6^ i8 to I, that is as io8 to i. There- 
fore the Power, whofe Quantity is as 
one has a Velocity as io8 ; and the 
Weight whofe Quantity is as io8 has a 
Velocity only as one. Therefore this 
Power, and this Weight multiply'd feve- 
rally into their Quantities and Velocities, 
produce equal ReSangles; .therefore: 
they will mutually fupport each other. 
Q. E. D. 

From hence it is eafy to obferve, 
I. The vaft Convenience of this com- 
pound Machine, which within a fmall 
Compafs, performs the lame Thing as 
would have required a fuigle Wheel of 
73 Foot Diameter. 

2. T H E vaft Advantage it has over 
the PuUy in the fmall Space taken up- 
•-y the Machine; the fame Thing being 

sne with three Wheels and two Pinions, 

i would have required 108 Pullies, up. 

:r and lower. 

3. Th^t 



\ 

Of the Wh eel. I It 

3. THAt the Velocity of the Weight 
is to that of the Power in a Proportion 
compounded of the Proportion of the 
Radius of the uppermoft Axle, to that of 
the Wheel A) into that of the Pinion B 
to the Wheel C, multiply^ into that of 
the Pinion D to the Wheel E. This laft 
Corollary is of great Ufe, for all the Con- 
trivance of Clocks and Watches depends 
thereon ; but the Importance of the Sub- 
je& requires that it fhould have a par- 
ticular Confideration ; too long to be 
entered upon here. 

Those who are defirous to be farther 
Informed concerning the Application of 
this Corollary to thofe Machines, may 
find Satisfaftion in a little Treatife, cal- 
led, The Artificial Clack-maker ^ publilh-r 
cd fome time ago* 

Sometimes in Practice, they find it 
more convenient to join a Winch, as 
W I, inftead of 3. Wheel, to that Axle 
wliich imprelfes the Motion on all the 
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reft, as in the Figure. If. that Length 
W I be equal to the Radius of the Wheel 
E, its EffeQ: will be the very fame, as 
that of the Wheel ; if greater or lefs 
than that Radius, its EfFeft will be pro- 
portionably greater or lefs ; it being the 
very lame Machine under a diiFerent 
Form. 



Of the I li CLIN ED Plane. 

SOMETIMES the Weight that is 
to be moved is of the Figure of a 
Sphere or Cylinder, or elfe can be con- 
veniently fixed to fbme proper Machine, 
by the Help of which, it may roll for- 
wards upon a Plane, when that Machine 
is impelled by an outward Force. In 
that Cafe to raife the Weight to a given 
Height, the inclined Plane may be made 
ufe of. The Meaning of this hard Word 
amounts in Praftice to no more than 
this; that if a Man has occafion to fet 
a Weight upon an Eminence, and the 

;\^eight 
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Weight be fo great, tliat he can't lift it 
by his natural Strength, he will take a 
long ftout Plank, or fomething equiva- 
lent thereto, and letting it floping, 
pufh the Weight before him up the 
Plank to the Place he defigns to fet it 
in ; and fuch a Plank or other Contri- 
vance like it, is what the Mathematici- 
ans caU an inclined Plane, Now 'tis e- 
vident, that the fhorter this inclined 
Plane is, the fteeper is the Afcent; 
and the longer the Plane is, the Afcent 
muft be the eafier. It is plain alfo, that 
it is much eafier to pufh a rolh'ng 
Weight up a Hill that rifes gently, than 
up a Hill that is very fteep. This is u- 
niverfally known in general ; but the 
exa£t Proportion of the Weight to the 
Power at any Degree of Inclination or 
Slope, and the moft convenient Manner 
of applying the Power thereto, are 
Matters of Geometrical Speculation • We 
muft fuppofe in all Cafes, that the incli- 
ped Plane is perfectly even, fmooth and 
hard, fo that the Weight may not fink 

I 4 into 
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into it, nor be difturbed in its Motion 
upwards by any outward Caufe. 

The firft Thing to be found is, what 
thpfe different Forces arcj with which 
the feme Weight will defcend at different 
Purees of Inclination. Let the "Weight 
jf be rolling down the Plane E A D C 





the Figure, it is pjajo, th^t it will re- 
quire 
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quire a greater Force to fuftain it, than 
it would do, if the fame Weight were 
rolling down the Plane e a d c. In 
order theq. to find exactly the Proporti- 
on of thefe Forces, let us fuppofe the 
right angled Triangle A C B to reprefent 
the Prifm E A D C B, and let the Hy^ 
pothenufe A C reprefent the Plane 
E A D C of that Prifm. Let the 
Weight F be rolling down the Side A C; 
and from the Centre of the Weight, let 
there pafs a String F G parallel to AC, 
faftened to the Arm G H of the Ballance 
G H I K. Then the Force with which 
the Weight, by Means of this String 
pulls that Arm of the Ballance, will be 
equal to the Force with which it tends 
to defcend along the Line A C. Let the 
fame, or an equal Weight be fuppofed 
to hang at P in a perpendicular Situation. 
Then by what was Ihew'd,/. 28, 29, the 
Force with which the Arm G H is pul- 
led obliquely from F by the Weight, is 
tp the Force, with which the fame Arm 
is pulled by the feme Weight perpendir 
dicularly from P, as the Line G O is to 
' FG 



? 
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F G, that is, as the Sine of the Angle 
G F O is to Radius. But the Angle 
G F O is equal to the Angle A C B, the 
Angle of the Inclination of the Plane to 
the Horizon. Therefore the Force, 
with which the Weight pulls the Ballance 
from F; or which is the fame thing 
with which it tends to defcend from 
A to C, will be to its whole Weight, as 
the Sine of the Angle of the Inclinati- 
on of the Plane to the Horizon, is to 
Radius. But the Force, with which it 

tends to defcend, being equal to a Force 
able to fuftain it, therefore it will follow 
alfb, 

' T H A T a Force, which fupports a 
Weight upon an inclined Plane, will be 
to the Weight, as the Sine of the Angle 
of Inclination of the Plane, is to Radius. 

But this is upon the Suppofition 
that the Power is applied in the moft ad- 
vantageous Manner 5 that is, in a Line 
parallel to C A. But there being other 
Manners of applying th? Power^ it will 
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be proper in the fccond Place to confix 
der their different EfFeSs. For tho* eve^ 
ry Man, no doubt, would cbufe to ap- 
ply a Power in' tlie moft advantageous 
Manner, and therefore it ftems to little 
Purpofe to enquire into the Nature of 
thofe other Applications ; yet. becauic 
it is neceflary to omit nothing that re- 
lates to the Subje£t, they muft be confl* 
derM in their Turn- 

T o this Purpofe, fuppofe a Power 
applied along the Line of Direftion D E 




in the Figure, to the Weight at E, per- 
pendicular to the l-ine A B . I l?ty, that a 

Power 
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f oWef fo applied, would have no EfFeS: 
Ht all upon the Weights For the Weight 
deicending from A to C, moves in a Di- 
teflidn parallel to the Line A B, defcri- 
blng with its Centre the Line F G. If 
thfe Power was applied therefore from 
F to G, it would have the greateftEflfeO: 
pbffible, either to fuftain ii^ or to retard 
its Motion ; becaufe as has been fhewn 
before, a Force applied to a Body in the 
Line of Direftion in which it moves, 
Will have the gfeateft EfFeft pofTible up- 
6x1 iti And On the contrary, if the faffle 
Pbwer were applied^ the contrary Way 
from G to F, it would accelerate its 
Motion downwards the moft that is 
{)0flible« Therefore fmce the Power ap- 
plied in one Dire£lion drives the Weight 
Up^ and applied in the other Direftion, 
drives it down ; it follows, that in the 
interdiediate Direftion, which is DE^ 
it will neither drive it up nor down j 
that is, it will have no Effect at all. 

Hei*ce we may determine the Effeft 
6f an oblique Force as H E, which is 



Of the '? \. K n E, 125 



neither parallel to the PlanQ as F Q, npf 
perpendicular to jit 45 D E.. 

The Force applied in the DireSipii 
H E, being fuppofed equal to the Fprc§ 
applied at F in the Dire^^ion F G, \t% 
the Line H E be made equal to F Er 
Draw H K perpendicular to D E, cxxu 
ting D E in K. Then will the Force 
H E be refolved into twp Forces, H K 
and K E. The Force K E being per* 
pendicular to the Plane, or which is the 
f^me thing to F G, will by what was j]uft 
now fhewn, have no EfFeQ: at all, Th? 
Force H K b^jng parallel to the Plaije, 
or to F G, fupports the Weight j ^n^ 
by what has been fhpwn before, tli? 
Force H K is to the Force H E, as the 
Line H K is to the Line HE or F E, 
But H K is to H E^ as fhe Sine Copi;- 
pigment of the Angle K H E, or ^yhicl) 
is the fame, of the Angle H E F, to Ra? 
diuSf Now the Angle H E F is the Afl- 
gle in which the Line of Dirgftion 0/ 
the oblique Force H E is inclined to thj? 
Fl^ne, or tP F G, That Angle is calJe-t} 

tjie 
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the Angle of Application. Therefore 
the Efled of the Force applied in the 
Direftion H E, that is, whofe Angle of 
Application is H E F, will be to the Ef- 
fcQ: of the fame Force in the Direction 
F G parallel to the Plane, as the Sine 
Complement of the Angle of Applicati- 
on to Radius. And fo in general, the 
Effects of fuch oblique Forces will be 
as the Sine Complement of the Angle of 
Application. 

Another Thing convenient to 
be known relating to the inclined 
Plane, is the Quantity of the Pref- 
fure of the Weight upon the Plane* 
For tho^ we fay^ that the Weight is fuf- 
tained by the Power, yet that is not to 
be underftood ftriftly, as if the whole 
Weight prefsM upon the Power, but on- 
ly that the Power keeps the Weight from 
rolling down the Plane. The entire 
Weight is fuftained, partly by the Pow- 
er, and partly by the Plane ; and fo muck 
Weight as is fuftainM by the Plane, the 
Power iseafedof. The lefs the Angle 

of 
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of Inclination of the Plane is, the left 
Weight is fuftained by the Power, and 
the more by the Plane. ' And fb on the 
contrary. What we have now todo^ 
therefore, is to find a general Rule 
for knowing what Part of the Weight 
is fupported by each. 

Suppose then a Plane DE at right 
Angles to AC to be fet before the 
Weight, and to keep it from rolling 
downwards. The Preffure of the Weight 
upon the Plane D E, will be as the Force 
with which it tends to defcend. Now 




c h: B 

that Force was fhewn above to be to 
that of the whole Weight, as the Sine 

of 
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bf the Angle of Inclination of the Plane 
A C to Radius. But fince the Plane 
D E fiiftains only a Preffiire of that Part 
6f thfc Weight which is in that Propor- 
tiail to the whole ; it follows, that the 
Remainder miift be fuftained by the 6- 
ther Plane A C or A D. Therefore fince 
tiie whole Weight is as Radius, and that 
Part of it which prefles upon the Plane 
i) E, as the Sine of the Angle of Incli- 
iiation of the Plane A C, it follows, 
tliat the Remainder of the Weight pref- 
fing upon tiie Plane D A, will be as the 
Sine of the Compliment to 90° of that 
Angle. For if the Plane D A were ta- 
ken away, and the Weight were to be 
fuftained by a Power applied in the Di* 
reftion V F parallel to D E, that Power 
would be as the Preffure of the Weight 
upon D A. But .that Power would be, 
by what was fhewn before, as the Sine 
of the Angle E H C, which is equal to 
the , Complement to $0"" of the An- 
gle of Inclination DCB or ACB. 
But the Preflure being as that Power, 
iHfiW be alfb, as the Sine of the Comple- 

riient 
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ment. tq 90^, ^f. the Angle . of Inclina- 



» # ^ 



* It may not, he. amife, from what has 
beerif^id, to deduce the .Proportipn of 
the diflei?ent Impijlies-^iiudei^ip^ Sur- 
faces at any given Pogree of Inclination^ 
by moving Bodies ipipinging on tIio|e 
Surfacesr In the Fig. let, two equal Bo- 







r 
t 



dies B and A move along the right Lines' 
BE and AE with equal Velocities, and 
let it be required to affign the difl^rent 
Quantity of Pcrcuflion of each of them» 
upon the Arm of the Ballance BCD. 
From any Point of A E as F^ let fell a 
Perpendicular to H ; then will the Force 
A E be divided into two^ F H an4 

K HE^ 
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H'ET whereof FT! jKg^p^ 

ing perpendicular thereto, has the farfie 
Efteft as the oblique Force F E. There- 

E^'of t# tibl^e'^cfe^^ 
the perper^ictflar^FbVc^i^'^^gut mo^ 
as ffE'^to^F:Ei,^% is^^thf^nfe'^tKe 
Anglfe HF Ef^^Radi{is."^%ut tKe'i^ngil 
H F E is equal to the Angle F E C, 
which is called the Angle of Incidence- 
Therefore, as H E to F E, fo is the Sine 
of the Angle of Incidence to Radius- 
But the EfFeft of the oblique Force, is 
to that of the Perpendicular, as H E to 
FE ; therefore, as the Sine of the Angle 
of Incidence to Radius. Hence we ga- 
ther univerfally, that the Force of Per- 
cuflion, or Impulfe of a ^Q^y'in Moti-p 
on. impinging on any §urfaq'er, /isL as the 
Sine of the Angle of Jaddeiice^ §itkris 
fartbus. 



r'^, 
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The Sum of what has been laid, is 
contained iti thefe Prdpofitions. 
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' I. THA-jf, a Pprqe which fuftains a 
.)?^eight uppn inclined Plane, .will be 
^popk^yff^ of theyVngle 

of Inclination of the Plane to Radius. 
Whence it follows, that if the Power be 
gr^eafer.tbaa in. 4^ Prcpqrtiqn, it .will 
'iiptpxily.fulia*n,..bu^ niove the Weight 
,U|^w;ard5* Xher^eFore, by the Help of 
the inclined Plahe,^ one naay • fuftain the 
greateft imaginable' Weight, with the 
ieaft im^ginabJe Power, by diminiftjing 
tbe 4ngle of ^J^qdination, fo that ths 
Wi^ght may be to the Power, as Radius 
to the Sine of the Angle of Inclination ; 
and by increajling the Power a little 
more than In that Proportion, one may 
not only fuftain, but move it. 

3. That the moft advantageous 
Way of applying the Power, is in a 
XJae of Dire6tion parallel to tlK inclined 
Flane j and tliat the Efiefl: of the Power 
in any other Dire^ion will be to the for- 
laetf as the Sine-Complement of the 
Angle of Application to Radius, 

K 3 3. That 
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3. That the Prcffure of the Weight 
upon the inclined Plane, is as the Sine of 
the Complement to 90^, of the Ajigle 
of Inclination. 

4. That the Force of Percuffioni 
or Impulfe of a Body in Motion imping- 
ing on any Sur&ce, is ais the Sine of the 
Angle of Incidence. 

These are: the moft remarkable 
Proportions attending the inclined Plane. 
It comes in Pradice befides, under two 
different Forms, the Wedge and the 
Screw, which come now to -be confi- 
der'd. 



Of the Wed ge. 

TH E Wedge is ufed, as every Bo- 
dy knows, as to feparate the Parts 
of Bodies from each other ; all cutting 
inftruments, as Knives, Axes, Chiflels, 
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(Sc. being Wedges. It is alfo ufed fome- 
times to drive Bodies clofc togetlier. 

The Wedge is reprerented in the 
Figure, between two Bodies, in or- 




der to feparate them. Having by fome 
proper Device infmuated the End of 
the Wedge C between the Bodies E 
md p, they drive it in with Blows of 
K 3 a Mai- 
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a Mallet/ This makes, the Wedge flido 
it felf between them ; which by tlie 
Make of f he Inftrument growing wider 
and wider, makes a Separation as .large as 
IS required. 

I T is plain to common Reafon, that 
the Wedge A muft run more eaifily be- 
tween any two Bodies than the Wedge 
B. But then on the other Hand,^ it will 
make a much lefs Separation than the 
other, which enters with more BiJEcul- 
ty. One of them, that is A, produces 
a lefs Effeft, but meets with left Refif^ 
tance ; the other produces a greater Ef» 
fe£t, but is refifted more. Now to know 
exa£tly in all Cafes, the Proportion of 
the EffeO: to the Refiftance, we muft 
confider it in the following Manner. 

W H I L E the Wedge is driven in gra- 
dually farther and farther, between the 
Bodies B and F, the upper P^rts of thofe 
Bodies c and f are obliged to Aide' up- 
wards from C to A, and from C to B, 
along the two Sides of the Wedge; if his 

Afcerii; 



^ .4 f . « ii 



.rt ^ ' >^' V \v^' 



..iii 



If Y' 1 - 



(^ 



^ * 



Of the We D G E. 135 

Afc^ijttjis,mad? wifb.»jVelQcity equal, to 
that with which the Wedge iafinuattsit 
felf between the Bodies. The Force 
thearwhich drives the Cprngr of thp Bo- 
^J f upwards, in apy Part of the We^gej 
as fQ|:J^xample, from; c to a^ may be. je-: 
Jrp^lj^.d^ into • two, c d ^nd aj^^ ptw of 
wKich, a dy ^being parallel to A D,. has 
iip Efiei^ at fill ; the other ff ^: parallel tp 
C D/ Ijavxnjg the whole' EfFeft in caufing 
the Wedge to afcend. But ad and c d^ 
being parallel to AD and CD, it fol- 
lows, that as a d i? to c dy fo is A D to 
CD. But the Force which is eflfefluai 
in driving in the Wedge, is as c d^ there- 
fore, alfo, as C D. That Part of the 
Force which is ufelefs, is as a d^ there- 
fore, alfo, as A D. 

Hence we conclude univerfally, 
that the Refiftance made to the Wedge, 
is as half its Breadth, which is AD; 
and the Force which drives it in, is as the 
perpendicular Height, which is in the 
prefent Cafe C D. And this is the exad: 
^Proportion ; which tho' it be natural e- 

K4 nough 
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nough to imagine, without a DeffiOh- 
ftrajtion, yet it is more fitis&dory to fee 
it proved. ' '^''\ ": 

' . ■ ♦ ■ -. 1 - 

I T is eafily feen, that the Wedge is 
on!y two inclined Planes joined together 
atthe'Bafe, in which the upper Parts of 
theEodies c and /reprefent the Weights; 
A C and B C the inclined Planes^ upoA 
which the Weight afcends; the Force 
which drives in the Wedge, anfwers to 
the Power fuftaining or moving the 
Weights, and the Refiftance which the 
two Bodies make to the Entrance of the 
Wedge, anfwers to the Heavinefs. of the 
Weights. 

• * . \ 

This is the Property of the^ Wedge; 
but in Praftice, there is fo feldom Occa- 
fion for an exa£t Computation of the 
Force of the Wedge, and (b many Hin- 
drances to its Operation, by Reafon of 
the great Friftion in this Inftrument, as * 
makes a Geometrical Enquiry into the 
Nature of it, a Matter of Curiofity ra-- 
ther than of Ufe. 

Of 
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Of the Screw. 

THE Screw is only an inclined 
Plane bent round a Cylinder, )aft 
as a Pair of winding Stairs are the feme 
thing with thofe of more common Ule. 
This may be eafily feen by cutting out 
a right-angled Triangle upon a Piece of 
Paper, and folding it round a flender 
Stick. One may fee, that in that Cafe, 
the Bafe of the Triangle will go round 
and round the Bottom of the Stick, or 
to fpeak in more Mathematical Term^ 
the Biafe of the Cylinder ; the Perpendi- 
cular win remain unaltered, and the Hy- 
potheneufe, which is the inclined Plane, 
will form it felf into a Ipiral Figure like 
the Threads of the Screw. 

The Nature pf the Screw every Bo- 
dy knows to be this. The Thread of 
the Screw begins at the Bottom and 
winds about it till it come to the Top ; 
and the finer the Screw is, the greater is 
the Number of Threads in equal per- 
pendicular 
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pendicular Heights. Now the Sum of 
the Threads,' wHidi irikjA Be called the 
Circumference of the Screw, anlw^rs tp 
the Hy j)oftfcriiift'^'inr the inclined Plane ; 
and th^ p6ii)(^'diMir Height' :of the 
ScrfeW; td th'fe'Pei^pendiculaf in tHe-iriclihe^ 
Pidnel ButMA ' the'^ inctified I*iaW the 
Weigh* W ta'thfe'PbWeVj'aS' the' Hjr^l 
theiittftf to ■ thie' PeVbetidiculah ' T'h^reS 
fore'thfe Property 6F the Sc>e\v wifl be^ 

As' tm d^tbuktevej&eof ' tU Sdre^v' 
lito'its'pei'pbndidiiar 'Height, '{H'ii thQ 
Weight fuftained\b^' it' to tjie' Power- 
thai: fuftilniit. ri^afc'e' it follows, ^thWt 
to raife- i" Weight by! the'H^I^' of the; 
S<?rewi the PoweF niuft b^ iAcreafed'a 
liliit aboVe' thdt Pfojpbrtiori. 

T H E R E F o R E, by the Help of the 
Screw, one niay fuftain-tlie'greateft ima- 
ginable W^eight^ with the'ledft irtiaglna* ^ 
ble Power, by indreafing the Circumfe- 
rence 'of the Sc^few, fd'that it niay be to 
theperpehditula^ Height aS the Weight 
to tlie Pbwer. And' by incredfittg^ the 
' ' I ^ • ' Pow*. 
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Power a little more than in that Propor- 
tipn,one rhay not only fuftain, bi^t raife it. 

The Circumference of the Screw 
may be increafed t\vo ways, by JncreaC 
ing the Diameter of the Cylinder, round 
which the Screw winds ; and by increaf. 
ing- the Number of the^ Threads. By 
thefe Means one; migHt produce a Ma- 
chine able to raife vaft Weights with a 
fmall Power, which Iiiould;^take up but 
little Room. 

T H I s is true in Speculation ; but in 
Praftice the Screw is feldom made ufe of to 
raife Weights, for this Reafbn amongft o* . 
thers, that it is very fubjeQ: to Frifl:ion, be- 
caufeall the moving Parts of the Machine 
are contiguous. One Convenience it has ^ 
above the reft ; which is^ that in raifing 
Weights with the ' other Powers, it is 
neceUary, as foon as -the Weight is once 
lufpended, tbkefe^ the Power continually . 
applied to it, other wife if' the Tower 
remits its Adion b^efofe the Weight can 
reft upon foniethihg elfe to luftain it, the 
' * • Weight 
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Weight will defcend again with great 
Swiftnefe. But the Screw will give 
Leave to the Power to remit its A£l:i- 
on if Occafion fliould be, without that 
Danger j the Parts of the Machine, by 
their Conftruftion, fuftaining each o- 
ther. 

The Screw when ufed to impreft a 
great Force is generally impelled with a 
Lever, and the Length of that Lever 
muft be confidered, together with the 
Force of the Screw alone. The EfFeQ: 
of the Screw alone, will be to its Ef- 
fed when impelled by a Lever, as the Se- 
mi-diameter of the Cylinder, round 
which the Screw winds it felf, to the 
Length of the Lever. This muft be fo 
plain to thofe that have underftood what 
goes before, that it is Accdlefs Labour 
to prove it particularly. 

Wh e n the Screw is applied to raifing 
Weights, it is generally joined to the 
Wheel or Axis in Peritrochio, from 
which Compofition arifes a Machine, 

which 
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which is called a "Perfetual Screw. 
This Machine is r^prefented in the Fig. 



but being always to be found in a Jack, 
an Inftrumen t that &lls under every ones 
Obfervation, it wjll be better known by 
confidering it in the Life,. than by any 
PiSure. The Nature of it is this. The 
Screw winds round a Spindle, at the up- 
per Part of which is a Winch to turn 
the Screw round with. In common 
Jacks ufed for drefliag Meat, there is 
added a Fly at top of the Spindle, to 
keep the Motion even and tegular. The 
Threads of the Screw are fo contrived 
as in their Revolution to fell in between 
the Teeth of the Wheel. The Teeth of 
the Wheel and the Threads of the Screw 
being 
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being n^aije a Jittje inoliijed to e^Ij,);, 
tlier, it.cQpes.topaJs, that each Tootji 
of the 'Wlieel impelled by the Screw, 
afcends gradually along the Thread 
which afts upon it,.till by. revolving a 
little way, it will be out of the Reach of 
its Aftion. Tn the mean time, another 
Tooth of the Wheel win meet another 
Thread of the lame Serf w, and be impel- 
led and revolve in the like manner. And 
fo for ever, which gives this Engine the 
Name of the perpetual or endlefs Jw-ra. 

I N this Engine tjiif fe Things defcjrve 
Obfervation, i.. pacji Tooth of thjs 
Wheel afted upon by a Thread of fi^ 
Screw aftends along .that Thread .lilje a 
Weight upon a^ inclined Plane. There- 
fore the Power that fuppprts a great 
Weight by l^ans of the Wheel only, 
is to a Power fuftaining the fame Weight, 
with the additional Help of the Screw,; 
a? the entire Weight of any Body is t9 
the Power that fupports thatBoiJy by 
the Help ofan inclined Plane. Now 
Power is always lefj tlian the optics 
Weight ; 



\ 








featfeas been Taid, "^tfie 'Aifekrer will be 
tfce SMe as m the oftKnary ■Screw, t/i^;. 
A-i-the€ircumfeiti?ctf bf the^'ddtew to its 
plep^dicuJar H^igJit ' * '^fo " 'is the Power 
tm ftiftdft^the^^Wd^htyithout the 
HeltJ'bf tiie Sctiew^ b'tbe bthei^ Power. 

'''Steeondfy, This 5(3rt ^6f ^'jgiirctw 'being 
gfeittra%^drii^d' r6tmd^ lifie' the ordina- 
ry -S^^^eWj-'by irie&'$ OT Vl.ever,-' m feirie 
Form or other, the Length of thar Le- 
ver muft be taken into Confideration al- 
fo, when we would compute the Efleft 
of this Machine; and the Proportion 
will be the fame, as that above. 
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Thirdly^ This Screw wants one Con- 
venience, which the other has; the or- 
dinary Screw giving Leave to the Power 
to remits jits Adion^ without Danger of 

the 
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the Weight's defcending again ; which 
can't be done with this Sort of Screw. ^ 

r • • ■ . . 

Fourthly y This Screw ,by ks Con-* 
ftrudion and Nature^ produces in the 
Wheel a Revolution, , ^yhofe Diredtion is 
perpendicular to it% own, at the fame 
time that it diminillMps -the Power necef* 
lary to fuftain the Weight. For the Re- 
volution of the Spindle is parallel to the 
Horizon, and the Revolution of the 
Wheel perpendicular thereto, which 
Change of the Diredion of . the Revdu- 
tion, is of great tJfe,upon feveral Occa- 
fions. 
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Sect. III. 

General Observations m 
the Mcchanieal Powers before 
defcribed. 

I Have hitherto diftin£lly arid particu* 
larly explain'd and demonftrated the 
Properties of the Mechanical Powers, 
and fliewn the feveral Qualities cJfeach 
of them. I propofe at prelent to make 
forae Obfervatjons on them, which 
i thought inore proper for this Phice 
than any other* And firft, 

i.t would take Notice of an impro- 
per Manner of Expreflion, often made 
life of, concerning tliefe Powers, which 
are often laid to indreafe the Force that is 
applied to them; whereas (as I hinted 
before occafionally) they do not pro- 
perly increale Force, but only lerve to 
apply it in the moft convenient Man- 

L ner 



riWta^MMbMMMHlHM^aWl 



1 46 Of the Mechanical Towers. 



ner* This is to be underftood, how- 
ever^ only of the Lever^ the Pully, andl 
the Wheel ; the inclined Plane depend- 
ing upon Principles fomewhat different. 
To explain this a little. Suppofe a 
Stone lying upon the Ground of 300 lib# 
Weight, and a Man taking hold of it 
on each Side, endeavouring to lift it^ 
were to apply a Eorce to it = goo lib* 
Then^tis plain, that the 5tone would 
ftitl remaia unmoved ; for t][ie Force of 
Gravity puihes tlije Stone downwards, 
exaftly as much as the Man's Force pulls 
it upwards. Therefore it can.^t rife. 
But it mgiy then be faid, that if the Maa 
fhould apply to.it a Force, never {c fmall 
a Matter greater than 300 lib. as for 
Example, ^301 lib^ that in that Cafe 
it mull needs rife \ it being pulled up- 
wards with more Force than ^is pufh*d 
downwards, by its own Weight. And 
^o doubt if this Force were applied to it 
continually, it certainly would ; but 
that can't be done for this Reafon: that 
when a Man is lifting a Weight in that 
Manner from' the Ground, he applies' 
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more Strength at firft, than he can after- 
wards. For when a Man endeavours to 
raife a Stone in that Manner, he ftoops 
very low, bending the Joints of his 
Knees, of his Thighs, of his Back-bone, 
and of his Neck : Now the Sum of the 
Forces of the feveral Mufcles, whole 
A£l:ion reftores thofe feveral Joints to 
their former State, is the very Force that 
raifes the Weight from the Ground, at 
the firft Inftant of its riflng. But by 
Degrees as the Stone rifes, thefe Mufcles 
ceafe their Aftion one after another ; the 
feveral Joints becoming ftrait, as foon as 
the Weight is raifed to the fame Diftance 
and Heieht from the Ground with them- 
felves, fo that when the Man has got 
the Stone as high as his Knees, the Mtiil 
cles of the Thighs, which by unbending 
the Knee alfifted him in raifing it to that 
Height, now ceafe to aft, and fo be- 
come entirely ufelefs to him. Now if 
we fuppofe the Adion of thefe Mufcles 
equivalent to 40 lib. it is plain, that here 
is a Diminution of the Power applied to 
the Stone ; fo that the Force which at 

La firft 
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firft was equal to 301 lib. is now equal 
but to 261 lib. which being very une- 
qual to 300 lib. which is the Weight of 
the Stone, can neither raife it higher, 
nor fupport it at that Height. 

But if we fuppofe this Weight of 300 
lib. faftenM to one Arm of an equal Bal- 
lance, or Lever, and a Man preffing upon 
the other Arm, with a Force equal to 
goi lib. then the Weight may be raifed 
by that Force as high as the Length of 
the Arms of the Ballance or Lever will 
permit. For the Adion of the Mulcles 
in fuch a Preflure, is very nearly limilar, 
.and alike to itfelf, the lame Mufcles aft- 
ing all along with much the fame Force, 
applied in much the fame Manner. 

S o alfo if we fuppofe a Rope fattened 
at one End to the Stone, and the other 
Eud thrown over a PuUy, and taken 
hold of by a Man. If this Man pulling 
the Rope, applies to it at firft a Force 
:=3oi lib. he will be able to draw the 
Weight up as high as the Height of the 

Fully 
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Fully will give him leave. For in the 
ASion of pulling a Rope downwards, in 
like manner as in the Action of pufhing 
one Arm of a Lever^ the fame Mufcles 
aa all along with the iame Force applied 
in the fame Manner. The Wheel being 
always turn'd either with a Rope like 
the Fully, or by Preffure like the com- 
mon Lever, what was laid concerning 
thofe two Powers, may be applied to 
that Power alfo. 

2. I T is indeed by this Property, 
that theie Machines are generally uleful 
in PraSice ; not fo much, that they en- 
able us to move a great Weight with a 
fmall Power, as becaufe they give room 
for the Application of a Power to the 
Weight, which without them could not 
be applied at all, or at leaft nothing near 
fo conveniently; for in Praffice, there is 
generally not fo much a want of Hands, 
as of Convenience &r applying them a 
To explain my felf by an Examp] 
Suppofe a Cube of Marble, whofe Si 
is 3 Foot, .or to fpeak in more vulg 
L 3 Terni 
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Terms, fuppofe a Piece of Marble 2 Foot 
every way in Length, Breadth, and 
Thicknefs; fuch a Cube would be in 
Weight = 1 296 lib. Let it be required 
to raife fuch a Stone fix Foot. Now 
this could not be done ^ without a Ma- 
chine, by Strength of Hands only. The 
Reafon is, r. That not above fix Men 
could be employM about it, that is one 
at each Side of the Cube ; for each Side 
of the Side being only two Foot, there 
would not be room for more than one 
Man. 2. That eachdf thefe four Men 
would have 324 lib. each to raife j 
which is a very confiderable Weight in 
it felf^ and fiirther than moft Mens 
Strength goes. Andbefides, ^.Suppofing 
their natural Strength to be equal, or 
rather a fmall Matter luperior thereto, 
yet they would be able to apply but a 
very fmall Part of it, to the moving of 
the Stone, and this again upon two Ac- 
counts. I. Becaufe of the flight Hold 
they would take of it. For they could 
not all of thein clafp it round as a fingle 
Man might be fuppofed to do^ . becaufe . 

they 
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they would hinder one another; all 
that each of them could do, would be 
only to put his Hands underneath the 
Stone^ and lb aU joining together en- 
deavour to lift it at once. But it is a 
very weak Hold a Man has of any 
thing, when he only fupports it with 
his Fingers open, and has nothing to 
grafp firmly. Therefore, fuppofing each 
Man^s Strength equivalent to the raifing 
his Portion of the Weight, yet by Rea- 
fon of the weak Hold he takes^ a great 
Part of it would be of little Service, 
And then again, 2. Suppofing their Hold 
never fo firm, yet by what was laid 
before, when the Stone is railed to 
the Height of their Knees, a great 
Part of their Strength would be loft, by 
reafon of the Ceffation of the Adion of 
certain Mufcles. So that as I faid, fuch 
a Stone cannot be raifed by Strength of 
Hands only ; and if it can't be raifed 6 
Foot, much lefs will it be 60 or 70. 

B u T, if we fuppofe them to apply 
Levers to this Stone, or if we fuppofe 

L 4 the 
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the Stone faftenM with a Rope, and that 
Rope thrown over a Pully, then it is 
eafy to fee how there may be Force e- 
nough applied to raife it, by a fufficient 
Number of Men prefling upon the Le- 
yers, or pulling the Rope of the Pully, 
who will alfo, as was fliewn before, ap- 
ply their Strength in the moft convenient 
Afannen 

3. B u T thefe Machines have another 
yfe more important ; which is, that we 
may by the Help of them, apply a Power 
to a Weight, in fuch a Manner, as to 
make the Velocities of the Power and 
the Weight, reciprocally proportional to 
their fcveral Quantities ; by which 
Means, as I fhewM at large under the 
former Heads, a fmall Power may be 
made to fupport, and to raife a large 
Weight, which is a very wonderful and 
important Efieft. This was Ihewn 
largely and particularly, before, and 
therefore I need not repeat it here ; but 
rather make this Obfervation, how the 
Properties of thefe feveral Machmes der 

monitrate, 
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monftrate, afofteriorij that great and 
ufeful Truth, which I prov'd at firft u- 
niverfeUy a priori^ to wit, that in all 
Bodies movM, the Momenta are equal, 
when the Reftangles of the Velocities 
and Weights into each other, are feve- 
rally equal. 

And thefe are the Bounds In which 
Providence hath thought proper to con- 
fine the Abilities of mortal Men ; fo 
that tho' by the Help of Machines, we 
can indeed make the imalleft Power ima- 

• • • ' 

ginable, equal, or (uperior to the great- 
eft imaginable Weight or Refiftance, yet 
ftill by how much the Weight exceeds 
the Power, fo much the more flowly will 
it move. We may by the Application of 
Machines lift a Weight of i ooocoo lib. 
with a Power of one Pound only ; but 
then the Weight will move loooooa 
times flower ; in which Cafe, the Power 
muft go over a Space of near aco Miles^ 
before it can raife the Weight 1 2 Inches 
only. It was a Saying of Archimedes^ 
That if he could have a Tlace to fix 

his 
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his Machine upony he alone could move 
the whole Earth ; and fb without doubt 
he could. But one Inconvenience ( a- 
mong others) of fuch an Attempt, would 
be this (it is indeed a very great one) 
that an Engine framed for that Purpofe, 
would operate fo very flowly, that not 
only Archimedes J but the Earth it lelf, 
would come to an End, before the Effect 
would be in the leafl fenfible. 

4. I T is no improbable Opinion, that 
it was this Property of Convenience of 
Application, that firfl: gave Rife to the 
Invention of thefe Machines ; and not a* 
ny Sufpicion^ that one might make a 
fmall Power equivalent to a great 
Weight by Means of them. For if a 
Man unacquainted with our common 
Machines, had occafion to raife a heavy 
Stone lying before him on the Ground, it 
would be natural for him to apply a Bar 
of Wood or Iron to it, rather than his 
Qwn Fingers, becaufe of the Danget 
there would be of hurting them. And 
when he had got the Stone upon his I^e- 

ver, 
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ver, fome Chance or other might move 
him to lay a Prop underneath it, in 
which Cafe he would find that he would 
be able to remove the Weight with far 
left Strength than before ; and that by 
pufhing the Prop ftill nearer to the 
Weight, he might raife a Stone with this 
Inftrument with great Eafe, that other-^ 
wife he could not move: This, or fome 
Chance like it, gave Birth to the Invent 
tion of this Power, which being after- 
wards more nicely taken into Confide*^ 
ration by the Mathematicians, was found 
liable to Geometrical Reafoning and 
Calculation, and to have thofe Properties 
which I have explained. 

,The Pullyfecms to have taken its 
Rife from an Occafion, fomething like 
the following. When Men began to 
take Delight in building fumptuous and 
magnificent Edifices, they found it requi- 
fite, partly by Vanity, and partly by Ne- 
ceffity, to make ufe of large Stones and 
Timbers, at the upper Part of Buildings, 
at a great H«ght from the Ground. 

Now 
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Now the Queftion was, how they fhould 
get them up there ? To carry them up 
Ladders upon Mens Shoulders, was al- 
ways inconvenient and dangerous, and 
oftentimes imppffible. The Lever, which 
was probably one of the firft invented of 
thefe Machines, would be, as is fbewM 
before, of no Ufe upon this Occafion 
To let down Ropes from the Place de- 
fign'd, and to pull up the Stones by 
Force of Arms only, was dangerous in all 
Cafes, and in many impoflible to bedonct 

The firft Thing probably, that was 
thought of, was to throw one End of 
the Rope over a Beam, and to let it 
down, in order to be faften'd to the 
Stone that was to be raifed ; the other 
End hanging down on the other Side ; 
in which Cafe four or five Men might 
pull the Rope, which could not be done 
without fuch a Convenience. This 
made it neceffary, 2. To round off all the 
Corners of that Part of the Beam over 
which the Rope went ; and to make it 
as fmooth as poffible, becaulc all Corners 

and 
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and Roughnefs there, would cut and 
fret the Rope. But when all this was 
done, there would be a great quantity 
of Bf i£iion, or Rubbing of the Rope a- 
gainft the Wood, in the overcoming 
which, a great Part of the Strength em- 
ployed to raifc the Weight would be 
confumM and renderM ufelefs. In order 
therefore to leffen this Fri£lion, which 
fpent fo much Force in vain, the Fully 
was thought of, which giving Way con- 
tinually to the Action of the Rope, by 
Reafon of Its turning about its Axis, ve- 
ry much leffens that Fri£lion. For the 
Aftion of turning round upon its Axis 
has no EfFe£t cohfiderM by it felf ; for if 
it were po{fible to make the Rope Aide 
freely round it, without that Revoluti- 
on, the Effe£k would be the fame as if the 
PuUy turnM round. But that being 
phyfically impoflible, it was neceflary, 
that the Fully fliould turn round upon 
its Axis, becaufe the Rope will not 
Aide fo freely otherwife. After one Ful- 
ly had been invented, it was natural to 
make the Experiment of feveral toge- 

ther> 
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ther, by which they found this Machine 
had a fecond more extraordiiiary Pro- 
perty of making a fmall Power equiva- 
lent to a great Weight. 

The Wheel, efpecially the Com- 
pound, appears to have been the Refult 
of deeper Thought and Contrivance ;; 
but who it was that invented this Pow- 
er and the Screw, is not certainly 
known. 

T H E inclined Plane depends upon a 
Thought fo natural and obvious, that it's 
probable, it was firft put in ufb, or at leaft 
as loon as any other. For as we fee eve- 
ry Day, that Weights pufliM or drawn 
up a Hill, will alcend with the moft Eafe 
where the Hill is leaft fteep, it was eafy 
to apply this Obfervation to Praftice, by 
making an artificial Afcent, where a na- 
tural one was wanting ; in doing which 
there was this Convenience, that the 
Afcent might be made as eafy as it fhould 
be thought proper. If the Stories are 
true, that we read of the great Works 

done 
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done by the American Princes before 
the Euroj^eans got footing amongft 
them, it is fcarce to be queftion'd, but 
that they were performM by the Help of 
this Power^ all the others requiring in 
Practice the ule of Iron, which thofe 

People were Strangers to. 

• ■ ■ 

Th E Wedge is fo obvious a Thought, 
that probably 1000 Perfons have inven- 
ted and made u(c of it without know- 
ing what they did* 

4. T H o' the Convenience of Appli- 
cation of Force, be probably the Caufe 
of the Invention of thefe Powers, yet it 
is by no Means the chief Advantage of 
them. For tho' in fmall Weights, the 
Confideration of the Inequality olF the 
Power to the Weight, be of no great 
Regard ; yet in vaft and enormous ones. 
It is of very much Confequence. When 
only fmall Weights are to be raifed, that 
is, fuch as the Strength of fix or fcveri 
Men is equal to ; it is no difficult Mat^ 
ter by the Help of tbefe Machines, to 

apply 
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apply the Strength of fix or feven Men, 
or even of more to the Weight. Now 
in this Cafe, the Power and the Weight 
being about equal, there is no Occafion 
to examine the exa£t Quantity of either j 
for if it fhould be found upon Trial, that 
the Hands employed are not fufficient to 
raife the Weight, 'tis an eafy Matter to 
employ one, or two, or three Hands 
more, which we are fure, before-hand^ 
without any exa£k Calculation, will be 
more than fufficient, only from a tranfi- 
ent View, and Confideration of the Big- 
nels of the Weight. In a Word, Expe- 
rience and Dexterity is of more Ufe in 
thefe Cafes of fmall Weights, than a Ma- 
thematical and fpeculative Knowledge of 
the Properties of the feveral Po\yers ; 
and a good Workman will be mop fer- 
viceable than a profound Geometrician. 

But if, as it fometimes happens, it 
be found neceflary either for Strength, 
Beauty, or Magnificence to remove 
Stones or other Bodies of prodigious 
Weights, then appears the vaft Advan- 
tage, 
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tage and furprizing Effeds of thfefe 
Powers, and the Neceflky of a fpecula^ 
tive Kno\yledge of them. The Ad van-* 
tage of them appears herein, that in vaft 
Weights it is impoffible to apply a Pow- 
er equal to them, which may be gene- 
rally done in fmall ones. Now if it be 
impoffible to apply a Power equal to the 
Weight, either fome way muft be found 
to make a fmall Power equivalent to a 
great Weight, or it can't be femov'd at 
all. Therefore the Uie of thele Ma^ 
chines is very great, beCaufe by the Help 
of them, one may make a fmall Power e* 
quivalent to a great Weight, and by that 
Means lift or remove Bodies, which 
without their Affiftance could not bo 
ftirred. 

But in order to find a Machine^ 
which fhall remove a vaft Weight with 
a Power much lefs, a previous Calcula- 
tion is abfolutely neceflary. The firft 
Thing to be done, is to find out eithei* 
exaaiy, or pretty nearly the Quantity of 
the Weight, which is not fo neceflary, 

^ where 
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where the Power and Weight are nearef 
to Equality. If it be a Stone or folid 
Body^ that is to be moved, the beft Way 
of doing this, is to find the Weight of 
a cubical Inch or Foot of fuch Body. 
This being had, the next Thing, is to 
find the folid Content of the whole in 
cubical Inches or Feet, according to that 
Sample. For Example. Let it be re- 
quired to raife a Stone i8 Foot in 
Height, 7 in Breadth, and 4 in Thick- 
nefs, and that by reafon of fome Hin. 
drances, too various to be particularly 
accounted for, one could not apply to it 
more than the Force of 100 Men. The 
Queftion then is, how by the Principles 
before laid dowUj and by the Machines 
above delcribed and explained, one {hall 
be able to perform what is required, and 
what the Steps are, which muft be taken. 
to that End. 

T H E firft Thing then to be done, as 

I faid, would be to find the Weight of 

a cubical Inch or Foot of this Stone. 

Now if we fuppofe it to be of Marble, 

as 
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as we may for Calculation (ake, it will 
be found) that a cubical Inch will weigh 
about 6 oz. 4* Let it be fuppofed foi 
From thence it will follow, that a cubi- 
cal Foot containing 1728 cubical Inchej^ 
will be in Weight = 6 oz^ t multiplyM 
by 1728^ that is to 11232 Ounces j 
that is to 702 Pounds, the Weight of a 
Cubical Footi This being found out, the 
ntut Thing is to find how many of thefe 
cubical Feet, that is how many times 
702 Pounds are contained in the whole 
Stones Now to find how many cubical 
Feet are contained in the whole, wd 
muft multiply, as every pne knows, the 
Height, Breadth^ and Thicknefs into 
eadi other; that is, 18 Foot into 7^ 
which makes 1 2 6^ and that again into 4 
which makes 504, the Number of cubi- 
cal Feet in fuch a Stone; If therefor<j 
one of thefe cubical Feet weighs 702 
Pounds, the Weight of the whole will 
be = 702 X 504 , that is = 35380^ 
Pounds. Let us take a round Number^ 
and fuppofe the Weight equal to 360000 
Pounds. Now to remove this Weighty 

Ma it 
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it was fuppofed, that we had only the 
Strength of loo Men to employ. Let 
the Strength of thofe Men be fuppff 
feverally equal to 2 oo Pounds each. Mul- 
tiply that Number into 100, and thePro- 
dua will be Qoooo, the Sum of all thefe 
Mens Strength. So that here is given a 
Weight = 360DCO Pounds, to be railed 
by Means of a Power equal only to 
20C00. Let us now confider of the fe. 
veral Ways by which this Weight may 
be raifed by this Power, and endeavour 
to find, which of them will be the moft 
eafy and prafticable. 

T H E firft thing neceflary, is to find 
the Proportion of the Weight to the 
Power: which is done by diyidmg the 
greater by the left, that is sfoooo 
Pounds, the Quantity of the Weight, by 
20C00, the Quantity of the Power^ the 
Ouotient whereof is 18 ; which fliews, 
that the Power is to the Weight, as one 



to 18. 



This being known, we Ihall examine 
thefeveral Powers one after another. ^^ 
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The Lever is the firft tjbat offers it 
felf to our Confideration. It was fliewn 
in the Difcourfe upon that Power, that 
if the Length of that Arm of the Lever, 
which is next to the Power, be to the 
Length of that next the Weight, as the 
Quantity of the Weight to the Quantity 
of the Power, that is in reciprocal Propor- 
tion ; that then the Power would fupport 
the Weight ; or if it were yet longer, it 
would not only fupport, but raife it. 
Therefore to apply that .Theorem to the 
prefent Cale, it may be faid, that if a 
Lever be made, and its Length be divi- 
ded in fuch fort, as that the Diftancc 
from the Prop to the Weight be equal to 
one, and from the Prop to the Power be 
equal to 19, that then this Power of 
2POOO Pounds applied to it, would raife 
the Stone. But the Impoffibility of do- 
ing any thing with that Machine appears 
at firft Sight. For fuch a Lever as will 
make a Power =: i, equivalent to 
>y^eight = i8, muft be at Jeaft 57 Foot 

,M 3 long 
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long ; and where can fuch a Piece of 
TTimber or Iron be found of fijffkient 
Strength to endure fuch a prodigious 
Bearing^ as it muft have at the greitef^ 
Diftance from the Fulciment ? How can 
it be ballanced uppn the Fulciment ? or 
fuppofing it might be done, it muft coft 
as much Trouble to do that, as to re-^ 
move the Weight. Befides one Lever ar 
lone would net do, and how could more 
be applied to it, to co-operate exactly 
with the other ? But it is needlefs to 
fpend Words in a plain Cafe. There- 
fore the Lever muft be laid ?ifide as ufe-? 
iefs for the prefent Qccafion. 

The Fully comes next in order un-: 
dtr Confideration. And this promifes 
better than the Lever. It was Ibewn be- 
fore, that a Weight fupported by the 
Help of Pullies, will be tp the Power, a$ 
the Number of Strings applied to the 
lower PuHies, is tp Unity. Now from 
this Principle, it is eafy enough to^ deter- 
mine, how to raife this Stone by thq 
Ildp of this Machine. For by that Prin- 

ciplci 



General O b.s e rvat ions. 167 

ciple, if we fuppofe Tackles applied to the 
Weight, coflfifting of 9 lower and 9 up- 
per PuUies, it will follow, that the 
Weight may be fupported with thofe 
Pullies by a Power that is to it, as one 
to 18. For the Power that fuftains the 
Weight, is to the Weight, as one to the 
Number of Strings applied to the lower 
Pullies, that is in this Cafe as one to 18, 
there being 18 Strings applied to 9 Pul- 
lies J that is, one on each Side, But the 
whole Weight was Ihewn to be the 
whole Force applied to it, as one to 18. 
Therefore if we fuppofe, ten fuch Tac- 
kles applied to fuch a Stone, and that ttn. 
Men be apply*d to each of them, it 
follows, that the Stone will be a£ted 
upon by a Power fufficient to fuftain 
it. For then each Man's Force fo applied, 
will be equivalent to 18 times^he Quan- 
tity in the Weight ; that is every Man's 
Force being by our Suppofition =200 
lib. that 200 lib. will fupport 18 times 
as much in the Weight ; that is, 5600 
lib. which will be the Quantity of the 
Weight fupported by one Man. Now if 

M 4 we 
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we multiply 3600 lib. the Quantity of 
Weight fupported by one Man, by 100, 
the Number of all the Men, the Pr6du£t 
will be 5600COJ the Weight of the en- 
tire Stone. 

But it muft be confiderM, that a 
Power that moves, or raifes a Weighty 
muft be greater than that which fuftains 
it ; for which Reafon we muft increafe 
ftill more the EfFed of the Power in 
prder to do that wliich is required. Now 
if we fuppofe only one lower and upper 
Pully, ad^ed to each of the Tackles, fb 
as toi make Ten upper and Ipwer Pullies^ 
inftead of Nine^ the Number before ; 
y/Q fhall increafe the EfFeQ: of the Powr 
er a tenth Part, which will be abundant- 
ly fuflbicient for the Purpofe defigned. 

The Wheel, as I took Notice of in 
my Difcourfe upon it, is of two Kinds^ 
Simple and Compound. The Simple 
comes under two remarkable Forms, the 
Crane and the Capfton. In the Cranes 
ijfed for lifting Gopds put of Veffels, e- 

yery 
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very one muft have obfervM the Wheel, 
within which a Man continually walk- 
ing caufes it to turn round. Through the 
Centre of that Wheel there pafles a 
Beam, round which a Rope winding it 
felf, at one End, caufes the Weight faf- 
tenM to it at the other End to afcend ; 
till (iich a time as it is railed to the de* 
figned Height ; and then by pulling the 
Crane round, it is brought alhore. Now 
this Wheel is the very fame thing with 
that which I then defcribed, and called 
the Simfle Wheel \ and I there fhewed, 
that a Weight fupported by that Ma- 
chine, would be to the Power fupport- 
ing it, as the Radius of the Wheel to 
the Radius of the Axle round which the 
Rope winds. 

But this Engine would be of little 
Service in the prefent Cafe, for this Rea- 
fon anniongft others, that only one or 
two Men can work within each of 
thepi, and how to make, or manage, or 
dired fuch a Number, as would be ne* 

ceflary 
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of the Spindle, noiakes 6 Foot, which is 
\i^hat in thefe Cafes is the Radius of the 
Wheel, as was laid before. Then it 
will be as 6 to 72, that is, as i to 12 j 
fp is the Quantity of a Man's Strength 
to the Weight he is able to fupport by 
one Bar of this Machine. Therefore, as 
X to 12, fo is 200 lib. to the Weight each 
Man fuftains, that is, to 2400 lib. Now 
this multiplyM into loo, produces only 
240000 lib. which is much lefs than the 
Weight of the Stone. Therefore with 
this Machine alone, fo applied, the Stone 
cannot be raifed. The beft and moli ea- 
fy Remedy for this Defeft, is to make 
the Rope of each Capfton be feftenM to 
a double Pully ; by which Means the Ef- 
fect of each Man's Strength will be dou- 
ble to what it was before, that is = 
4800 lib. which multiply 'd into 100, 
gives 4800C0 lib. the Weight which 
thefe Mens Strength, by the^elp of this 
Machine, is able to fuftain. Now if their 
Strength be able to fuftain 4B0C00 lib- 
it will be much more than fufiicient to 

raife only 360000. 

It 
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I T was chiefly by the Help of thefe 
Capftons, that i>omenico Fontana 201 1- 
talian Archite£t removed the great Obe- 
lisk in the Centre of. the Portico before 
%t.Teterh Church at Rome\ whofe 
Weight is very near 1000000 Pounds. 

The Compound Wheel may be made- 
ufe of alfo in this Cafe, with great Con- 
venience. If we fuppofe a Wheel, whofe 
Diameter is as 6 to have a Pinion at the 
other End of the Axle, whofe Diameter 
is as I ; and that Pinion to impel a 
Wheel, whofe Diameter is to that of the 
Axle, as 3 to one ; then by what was 
^ewn before, if a Rope were to be 
"tlirown over the firft Wheel, and puird 
by a Man, his Force would be equiva- 
lent to 18 times the Quantity in the 
Weight ; and therefore if we fhould fup- 
pofe ten fuch Machines applied to the 
Weight in Queftion, and ten Men work- 
ing at each of them, it will follow, that 
the Weight will be afted upon with a 
Force fufficient to fuftain it. But fince a 

Force 
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Force that fuftains, is lefs than that 
which raifes, it follows, that by increaf- 
ing either of thefe two Proportions, there 
will be produced a Machine fofficient 
not only to fuftain, but to raife the 
Stone. 

The inclined Plane will not be fo con- 
venient as the three Machines before men- 
tioned, upon thefe Accounts. i.Becaufe, 
thefe three Methods are equally praftica- 
ble, whether the Weight be to be railed 
to a great or fmall Height, whereas 
the inclined Plane cannot be made ufe of 
at a great Height. 2. Becaufe, in otxler 
to fit fuch a Stone for being drawn up 
the inclined Plane, it muft be inclofed 
in fome proper Contrivance to enable it 
to roll upwards, which its bww natural 
Figure will feldom allow. Jsow this 
Contrivance, of whatever Kind, will be 
a great additional Weight, and there- 
fore the Ufe of it is to'be avoided. 

The Wedge is not ufed for the rail^ 
ing of Weights j and tho' the Screw 

might 
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might be ferviceabic upon fome OccaG- 
ons, yet at prefeiit it will be of no Help 
at all by it felf ; the' under the Form of 
a perpetual Screw, it may be applied to 
the Wheel or Axis in Teritrochh with 
good Advantage, as was obfcrvcd in the 
Difcourfe of the Screw. 

5. A L I. that has been &id hitherto of 
thefe Powers depends upon the Siippofi- 
tion, that the Machines made Ufe of, 
are per&£l in their Kind ; that is, that' 
the Levers be homogeneous and of equal 
Breadth and Thickneis in every Part: 
The Pullies perfedly round, and turning 
with all imaginable Freedom round their 
Axes; and" the Wheels and Axles in Hkc 
manner upon theirs ; that tlie inclined 
Planes be every where perfeftly fnlooth, 
and even ; the Wedges made of fuel* 
Matter as to be perfeftly fmooth and lu- 
bricous ; and the Screws in like manner 
pcrfe9:ly fmooth, and fo fitted to each o- 
ther, as to turn with all imaginable Free- 
dom. So isx as the Machines &11 fen 
bly fhort of tliis Perfeftion i fo far w 
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the BfFcft of the Machines differ from 
the Calculation. 

The moft remarkable ImperfeSion 
is^ that which is called the Fridion or 
Rubbing of the Parts of the Machine, 
in overcoming of which, a great Part of 
the Strength is loft. This Friftion is 
occafioned by Roughnefs of the contigu- 
ous Surfaces, which is generally produ* 
ced in Length of Time, and fometimes 
proceeds from other Caufcs* So old 
Hinges of Doors, or Window-Shut'^ 
ters, that have not been ftirred, or open- 
ed a long time, move ftiff. So if we 
have Occafion to open a rufty Lock with 
a rufty Key, we find it hard to overcome 
the Refiftance the Key meets with, and 
to turn it thto' the Wards, tho' the 
Lock, abating for its Ruftinefs, be in as 
good Condition as ever. So Screws of 
any Kind, that have lain by a long time^ 
are generally turned with great Pains j 
becaufe the Air operating upon them all 
that while, by rufting Metal, or rotting 
or fofteningWood, makes the contiguous 

Surfaces 
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Surfaces rough ; which Roughnefs we 
find by Experience is very hard to over- 
come. Now the Refiftance made in all 
thefe Gafes, arifing from the irregular 

Situation of the Parts, is what we call 
Friftion* The moft fmooth and polifli^ 
ed Bodies in the World have a little, 
tho' in Ibme, it is fcarcely fenfible ; and 
if the fmootheft have fome Friftion, 
thofe Bodies that are lefs fmooth muft 
have more. The Parts of Machines con- 
fifting chiefly of Iron, Wood and Ropes, 
mufl: therefore have fome Friftion ; 
which is increafed in time by the Iron 
growing rufty, the Wogd foft and rotten, 
and the Ropes hard and llifF. 

I T will be proper to confider the fe* 
veral Powers, and to examine how far 
each of them are fubjed to this Incon- 
venience. 

The Lever is fubjeO: to little or no 
Friction, as ballancing round a Point in 
the Theory, and a very fmall Surface in 
the Pradice. 
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The Pully is fubjeft to Friftion from 
the Ropes that go round the Blocks, 
and thp Axles turning about the Cen- 
ters. For this laft Reafon, it is conveni- 
ent to have the Pullies as large as one 
^an get them ; becaufe in a large PuUy^ 
the Rope afts at a greater Diftance from 
the Centre where the Friftion is ; and 
by that Means has the greater Force to 
overcome it. 

The Wheel is fubje£l to Friftion, by 
its prefling with all its own Weight, and 
that of the Weight it fuftains, upon its 
Supports, tho' by' proper Contrivances 
this Inconvenience may be much allevia- 
ted. One Obfervation may be properly 
inferted here ; that as the Weight 
which is fuftained or mo ved by a Multi- 
plication of Wheels, makes a very dif- 
ferent Impreflion upon each of them, fo 
it is of great Confequence in Praftice to 
make the Axle, which immediately bears 
the Weight, and the Wheel belouQging to 
that Axle ftronger and more fubftantial 

than 
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than any of the other Axles or Wheels, 
which may be made fo much flenderer, 
as they are iarther removed from that 
Axle and Wheel, at which the Weight 
hangs. 

The inclined Plane is not fubjeS to 
any Friftion at all, but is attended with 
this Inconvenience ; that If the Weight 
to be moved is not naturally of a lph»- 
rical or cylindrical Figure, it is neceflary 
to annex to it feme Contrivance to 
make it capable of rolling upward ; 
which additional Weight may be per- 
haps equivalent in fome Cafes to Fridion. 

The Wedge and Screw are both fub- 
jeQ; to a great deal of Friction, becaufe 
the moving Surfeces are contiguous. 
For this Reafon a particular Care muft 
be taken to keep theft Machines in good 
Order, and to make them of fuch Ma. 
terials, as may be leaft liable to this la 
convenience.* 



N a 
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0/ the Sail. 

H E SaU being ot fo great and uni- 
■ verfal Ufe, by its Application to 
the Motion of a Ship, and of a Wind- 
mill, it is neceflkry to add an Explanati- 
on of its Nature and Properties, to what 
has been faid concerning the other Me- 
chanical Powers. The moving Princi- 
t>le of this Power being that Motion of 
the Air which we call Wind, and not the 
Strength of an animal Creature, as ot 
the Powers above defcribed, it will be 
proper to fpend a few Words in the Con- 
fideration of this new Principle. 

Wind is a Stream or Current of 
the Air, tending fometimes one Way, 
fometimes another, '^^ f.^'f^^.^^ 
reaions. The Force of it is fometimes 
prodigious, as every one knows • and 
from that Height of Vidence it defcends 
through all Degrees of Strength and 
Weaknefs to a perfea Calm. ItsVelc. 
city in furious Tempefts is found to^be 



Of the S AJ L. i8i 

about 60 Miles in an Hour ; and fome- 
times its Motion is fo flow, that one 
may out-walk it. Now between thefe 
two Extreams there are feyeral interme- 
diate Degrees of Velocity, which ferve 
very conveniently for a Principle of Mo- 
tion, when their Force is applied and di- 
refted to a certain End by proper Con- 
trivances. This is done by Means of 
the Sail; which is in Praftice a -large 
Sheet of Canvas, or fuch like Matter ; 
and in Speculation, a Mathematical Su- 
perficies. 

The manner of the Operation of the 
Wind upon the Sail, may be I think beft 
conceived by a Suppofition like the fol- 
lowing. Let us imagine a Ship in the 
Middle of the Sea, and the Air to be 
perfectly calm; Let there be fuppofed 
2|.fterwards a Stream of Air to come on 
the fudden from the North, for Example^ 
or any other Point of the Compafi. Let 
tjie Motion of this Stream of Air be of 
an ordinary Swiftnefs, as for Example, 
|p Miles an Hour. This Current of 

N 3 Air 
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Air will move for a great way along the 
Surfece of the Sea, without any Inter- 
ruption ; its feveral Particles describing 
Lines parallel thereto. At laft, when it 
is arrived at the Place where the Ship is, 
a Portion of this Stream of Air, whole 
Area and Figure is equal and fimilar to 
that of the Sail, will be intercepted by 
the Sail in its Courfe. This intercepted 
Portion will endeavour to drive the Sail, 
and confequently the Ship before it with 
a Velocity equal to its own. And in- 
deed were it poflible for the Ship to 
float upon the Sea without drawing Wa- 
ter, it aftually would do fo. But fince 
by the Laws of Hydroftaticks, and the 
StruGure of the Veflel, the Keel muft 
be immerfed under the Water, it comes 
to pafs, that the Keel, in dividing the 
Water for its Paflage, meets with a good 
deal of Refiftance ; and that Refiftance, 
though it is not fuflScient, as we find by 
Experience to ftop the Motion of the 
Ship, muft to be fure in fome Meafure 
retard it. So that by the Aftion of the 
Wind upon the Sails, th« Ship is carried 
' along 
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along ; but by Reafon of the Refiftance the 
Water makes to the Keel, not fo faft as the 
Wind it lelf moves. After this Manner, 
we may form an Idea of the Operation of 
the Wind upon a Ship at Sea. 

A s in the other Powdrs, fo in this^ 
many Truths relating to it may be dif- 
covered grofly and in general from ordi- 
nary Obfervation ; but our prefent Defign 
being to confider it more nicely and Ma- 
thematically, we fhall now proceed to 
lay down fome Axioms, as Premifes, 
from whence to draw fuch Conclufions, 
as may fhew the Properties of this Me- 
chanical Power. 

I. I N the Current of the Air, which 
we call Wind, the Particles of the Air 
will naturally be born along in right 
Lines parallel to each other. It is true 
we fometimes fee it otherwife ; as when 
the Atoms of Duft are dancing about in 
the Sun, they move in irregular Figures^ 
as the Particles of Air are carried about : 
But that proceeds always from fome Ob- 

N 4 ftacle, 
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which makes the Stream of Air recur in- 
to it felf : Whereas, if that Obftacle were 
removed, thofe little Motes would be 
feen to proceed in right Lines parallel to 
each other, or nearly ; the Irregula- 
rity of the Air's Motion it lelf keep- 
ing them from being exactly parallel. 
Hpwever, in our Reafonings about them, 
we always fuppofe them parallel, the 
Difference beipg of little or 119 C9nfe- 
quence. 

II. These Particles of Air being a- 
like in the Diredion of their Motion, 
jnuft be fuppofed alike alfo in other Re- 
fpefts ; fo that what is found true of any 
pne Part pr Particle, may be alfo a^plie^ 
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to thp reft. As if B A b^ reprefent a 
Superficies, which is a Sail mathemati- 
cally confidered, and a Particle of Air 
at E moving in the Direftion E B, im- 
pel the Point B of the Superficies with a 
given Force ; then by this fecond Axiom 
the Particles F, ^, and jT moving in Lines 
parallel to E B, will impel the Superficies 
in the Points A, ^, and a in the fame 
manner, and with the &me EfFe£t in all 
Reipe£ls as the Particle E did in B, So 
again, if in the Space between E B and 

FA, 
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F A, we fuppofe a great Number of Par- 
ticles moving in the Diredion E B to- 
wards the Part B A of the Superficies 
and impelling it, each of thofe Parti- 
cles, will impell the Superficies fuc- 
ceflively in the lame Manner. And a- 
gain, the Effeft of the Aggregate or Sum 
of all thofe Impulfes ;will be the fame as 
of another Set of Particles moving in 
the fame Direction between e bzxAfa^ 
and impelling an equal Part of the fame 
Superficies b a. 

Since therefore all the Particles of 
Air moving in the lame Direction have 
like Effefts, it follows. That a Stream 
of Air or Wind operates upon a Superfi. 
cies or Sail, in Proportion to the Sine of 
the Angle of its Incidence. For by the 
fecond Axiom the Effed of the whole 
Stream is like to that of any one Parti- 
cle. And by what I lllewM under the 
inclined Plane, the EfFed of any one 
Particle will be as the Sine of the Angle 
of Incidence. Therefore the Eflfe£t of 
all the Particles, that is, of the whole 

Stream of Air, will be alfo as the Sine 
of the Angle of Incidence. . Bur 
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B u T this is true upon this Suppofiti- 
on only ; that the Number of airy Par* 
tides ading upon the Sail or Superficies, 
is the fame at all Degrees of Inclination* 
If this Suppofition be not true, there will 
arife an Alteration of that Proportion. 
For if in one Pofition ioog Particles 
impel the Sail in a certain time, and in 
another Pofition only 7 50 ; 'tis plain that 
all other things being alike, the Adion 
in one Cafe mufi: be as 1000, and in the 
other Cafe as 750 only. To fmd there- 
fore the Difference of the Impulfe oc- 
cafioned by the different Situation of 
the Sail, let there be defcribed in the, 
Fig. the Circle A B C D E. Draw the 
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two Diameters AD, BE. Let the 
Stream of Air proceed parallel to the 
Tangents A F, D G, and let a Surface 
or Sail, intercepting that Stream of Air, 
be reprefented by the Diameter AD, 
ftanding at right Angles to the Tangents 
A F, D G, and therefore to the Current 
of Air. Then 'tis plain, that the whole 
Pprtion of this Stream contained in the 
Space between thofe Tangents, will fali 
upon the Sail reprefented by the Diame^ 
ter AD. 



Let 

A' 
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•r 

L E T tfs now fee what will be the 
Confequence of turning the Sail in an 
oblique Situation, as B E. Draw B H, 
EI parallel to A F, DG. Then it plaiiv 
\y appears, that the Particles of Air con- 
tained in the Space between B H and 
A F on one Side, and in the Space be- 
tween C I and D G on the other, pais 
befide the Sail B E when it is in this Po- 
fition, not touching it at all. Draw 
B C parallel to A D, and then the Por- 
tion of the Stream afting upon the Sail 
B E will be as B C, and the Portion of 
the lame Stream a£ling upon the Sail 
A D, will be as A D it felf. Draw K L 
from the Centre K parallel to I E. Then 
is the Angle B K L, equal to the Angle 
of Incidence I E B. Therefore B L is 
the Sine of the Angle of Incidence. But 
the two different Portions of the Airy 
Streams afting upon A D and B E were 
Ihewn to be as AD and B C ; therefore 
they are alfp as the Halves of thofe 
Lines ; that is, as A K the Radius, and 
B L the Sine of the Angle of Incidence. 
That is univerfally, the Number of Par- 
ticles 
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tides falling upon the Sail, will^e as the 
Sine of the Angle of Incidence. 

Now this Ratio compounded with 
the former, makes the entire E%£1 of a 
Stream of Air upon a Sail, to be as the 
Square of the Sine of the Angle of In- 
cidence. 

But this is ftill upon a Suppofition^ 
that the Velocity with which the Parti- 
cles of the Air move, is always the feme. 
But that is not always the Gaie. Now 
'tis plain^ that the Impulfe of a Stream 
of Air, moving with a Velocity, that 
is as 1 will be twice as great as that of a 
Stream moving with a Velocity, that is 
as I. Therefore the Impulfe of the 
Wind upon a Sail, will be as the Square 
of the Sine of the Angle of Incidence, 
and as its Velocity alfo. 

But this Proportion fuppofes the 
Number of Particles of Air impel- 
ling the Sail to be the fame at all 

Degrees of Velocity, which is not true. 

For 
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For the greater the Velocity of the Mo- 
tion of the Air is, the quicker is the Sue* 
ceffion of the airy Particles impelling the 
Sail. Therefore the Number of thofe 
Particles is as the Velocity. 

Therefoke, fince the EfFeQ: of 
the Wind is as the Velocity of each 
Particle, and as the Number of Parti- 
cles, which is alio as the Velocity of each 
Particle, it follows, by compounding 
thefe two Proportions together, that the 
Effeft of the Wind is as the Square of 
its Velocity, and as the Square of the 
Sine of the Angle of Incidence. 

The next Thing to be confiderM, is 
the Direftion of the Operation of the 
Wind, or the Line or Lines of Direfti- 
ons, in which a Stream of Air imping* 
ing upon a Superficies, endeavours to 
impel it. Now if we fuppofe the Wind 
to move in a Diredion perpendicular to 
the Superficies, it is evident, that it will 
impel it along the fame right Line in 
which it felf moves. As if a Wind mo- 
ving 
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ving in the Dire£Hon A B impd a Super- 
ficies, as C D at right Angles^ asf in Fig* 
-'tis plain that it muft oblige ft to move 
along, and parallel to the Line B E. But 
if we fuppole the Line AB, or the Di- 
redion of the Wind to be inclined to the 
Superficies, 'tis not fo clear, which Way 
the Superficies will be impelled. To de- 
termine that, let there be drawn the Line 
F B perpendicular to the Surfiice, and 
die Line AF parallel thereto. Then 
will the Aftion of the Wind upon the 
Surface be refolved into two, one para^ 
lei to the Sur£ice, and therefore of no 
EfFeft, and the other perpendicular there- 
to, parallel to F B. Now this laft Force 
tends to impel it along B E, with a 
Force, that is, to the Force of the fame 
Wind at Right Angles, as FB toAB. 
Therefore the Superficies will move in 
the fame Line of Diredion when impelFd 
at any Angle, and the Difference will 
confift only in the Velocity of its Mo- 
tion. 

F&OM 
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From what has been {aid, we may 
deduce thefe Conclufions relating to thi^ 
Power. I. That fince the EfFeft of the 
^ind is cater is paribus^ as the Square 
of the Sine of the Angle of Incidence^ 
it will be neceflary, in order to make its 
EffeO: as great as poflible, to make that 
Angle as great as poffible, that is a right 
one. 2. That never thelefs, this is to be 
underftood only of a finale Sail ; but if 
as in large Veflels, we make ufe of more 
than one, the Cafe will be much alter'd. 
For in the Figure let A B C D, H I K L, 
reprefent two parallel Sails, which we 
may fuppofe applied like thofe in a Ship \ 
and imagine the Wind to move in the 
Direction EF, at right Angles to the 
Superficies A B C D. Now in that 
Cafe, by what was faid before, it will 
undoubtedly have a greater EfFett upon 
that Sail, than if it movM in the Direc- 
tion C G at an Angle of 60^, by how 
much the Square of Radius exceeds the 
Square of the Sine of 60°. But then the 
hindmoft Sail will be of little or no Ufe 
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by reafon that the other ftanding direO:- 
ly between it and the Wind^ will keep 
ofF the Wind from afting upon if. But 
if the Wind moves at an Angle of 60* 
to both the Superficies, it will aft equal- 
ly upon them both, with an Efleft, that 
is as the Square of the Sine of 60^. 
Therefore their feveral Forces being u- 
nited, will exceed the Force of a Wind 
applied at right Angles, as much as twice 
the Square of the Sine of 60® exceeds 
the Square of Radius. And if we fup- 
pofe three Sails behind each other, as is 
ufual, the Advantage of fuch a Side-wind 
appears ftill greater ; being as three times 
the Square of the Sine of 60^ to the 
Square of Radius, 3. The EflfeQ: of the 
Sail being in Proportion cateris fart* 
bus to the N^ of Particles, and the N^ 
of Particles in Proportion to the Bignefs 
of the Sail, or the Area of the Super- 
ficies, it follows, that the EfFcft of 
the Sail, ceteris faribus^ will be as its 
Area; fo that i\\ order to make its 
EffcQ: as great as poffible, its Area muft 
be as great as poffible. 

I have 
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I have hitherto fpecuktively confider- 
ed the Properties of the Sail. I could 
have been very glad to have taken No- 
tice diftinftly and particularly of its Ufe 
and Application in the Management of 
a Ship. But not having had an Oppor- 
tunity of feeing the Pradice, as having 
never gone a Voyage by Sea, it would 
be little better than Impertinence, to 
pretend to fay any thing upon that Sub- 
jcd. I Ihall only at prefent make an 
Obfervation or two upon its Ufe upon 
other Occafions ; the firft of thefe is a 
Windmill, in the Contrivance of which 
there is fomething more curious than 
perhaps every Perfon has obferv'd. 

The Difference of the Sails of a Ship 
and of a Windmill, confiflrs in this ; that 
the former proceed continually in a right 
Line before the Wind, whereas the latter 
have a circular Motion round a fixed 
Point or Axis ; which circular Motion is 
always at right Angles to the Current of 

O 2 the 
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the Wind, or nearly fo ; otherwife the 
Sails can't turn. 

To ftiew how this EfFed is produced, 
for it fcemsat firft Sight a little paradox- 
ical, to caufe Sails to move in a Direc- 
tion perpendicular to that of the Wind, 
we will at firft xfuppofe in the Figure, 
one Sail, only as S, Men'd to an Axis 
A B, which Axis is to be made to turn by 
means of the Wind upon the Sail S. To 
this Purpofe the Sail rauft be placed, 
not perpendicular to the Courfe of the 
Wind, becaufe the Wind, tho' it has then 
the greateft Influence upon it, - has no 
Effea in making it turn round ; nor 
parallel to the Current of the Wind, be- 
caufe in tliat Cafe the Wind could not 
ad upon it at all v but obliquely, fothat 
the Wind moving in the Direction A B^ 
A B, A B, A B, may fall upon the Sail 
aflant. In this Cafe, the Effed will be 
as the Sine of the Angle of Incidence, 
whicliEffea, at an Angle of 45°, is ve- 
ry confiderable. The Sail thus impell'd 

by the Wind, is obligM to turn round 
' where. 
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where it finds Liberty ; but by theCon- 
ftruftion of the Machine, it can only 
move towards F, round the Axis A B, 
which it accordingly does continually fo 
long as the Wind holds. 

N o w if the oppofite Sail D were in 
the fanrte Pofition as the Sail S, as in Fig. 
the Wind would aft upon the Sail D in 
the lame manner as it does upon S, and 
caufe it to revolve towards C in like 
manner, and with the fame Force. But 
thefe two Motions equal and contrary 
would deftroy each other, and fo render 
the Machine ufelefs. Therefore to prevent 
that, they turn the Sail D in a contrary 
Pofition, tho' at a like Degree of Incli- 
nation ; by which Means, at the fame 
time that the Sail is impelled by the 
Wind, and forced to revolve towards F; 
the Sail D is impelled by the Wind fal- 
ling upon it in the fame Angle, and for- 
ced to revolve towards G. Now this. 
Revolution of the Sail D confpires with 
that of the Sail S ; which caufes the 
Axis to turn round with twice the 
^ O 3 Force. 
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Force. In the fame manner, one might 
fliew, that the Sail F will revolve to- 
wards D, and the Sail G revolve to- 
wards S, fo that all the Sails will confpire 
to move in the lame Dire^on. 

Secondly J Upon this Power depends 
the Mechanifm of the Flying of Birds ; 
the Wings of the Bird anfwering to the 
Sail, and the ReGftance the Air makes 
to them in their Motion, anfwering to 
the Impreflion of the Wind upon the 
SaiL I ihall make an Obfervation or 
two upon the Strufture of thofe Inftru- 
ments of Motion, tending to illuftrate 
the WiClom of the great Creator in the 
Contrivance and Fabrick of them. 

A NP -F/r/?^ fmce the Aftion of the 
Wind upon a Superficies, is greater 
or lefs, as that Superficies is greater or 
lefs ; fo in this Cafe we find the Wings 
of a Bird, efpecially when fpread out, 
are very large in Proportion to the Body 
to be fuftained by them. Secondly^ the 
Wings are alfo made a little Concave on 

the 
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the lower Side ; becaufe the Refiftance 
the Air makes to them, mull needs be 
lb much the greater, as being furrounded 
and confined under tliat Cavity of the 
Wing J and by that Means, not efcaping 
fb foon, It undergoes, as it were, a ihor^ 
Condenlation , which increafing the 
Number of airy Particles aCted upon by 
the Wing, muft increafe the Refiftance 
made to it. Thirdly^ as the Refiftance 
made to the Wings in their Defcent, 
ihould be as great as poflible ; {o the 
Reiiftance made to them in their Return 
upwards, fliould be as fmall as poflible ; 
becaufe if thefe two Refiftances were e- 
qual, the Bird would defcend as much 
when the Wings are lifted up, as it rifes 
when they are let down. To this End, 
as in the Defcent, two Contrivances are 
made ufe of to ipcreafe the Superficies of 
the Wing, and tlie Refiftance made to it, 
fo in the Afcent the feme Contrivances 
are reverfed. For as the Wings are Con- 
cave on the lower Side, on the upper 
Side they are convex, by which Means, 
thq Air Aides off with greater Eafe. And 

O 4 as 
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as the Bird has a Power of expandmg 
the Wings in their defcent beyond their 
natural Breadth, in order to receive as 
great a Quantity of Air under them as 
poflible ; fo in their Afcent it has a Pow- 
er of contrafting them as much, to re- 
ceive as fmall a Quantity of Air as pofli- 
ble. Some Birds have a Faculty of turning 
the great Feathers in their Wings to a 
perpendicular Situation, when they lift 
up their Wings. By this Means the Air 
having free Paflage thro' the Intervals of 
the great Feathers, the Refiftance it 
makes to this Motion of the Wings muft 
be very fmall. A like Contrivance is ob- 
iervable in Infefts, in whole Wings are 
fcen, as it were fmall Threads branching 
|:hemfelvcs quite thro the Wing. By 
the Help of thefe Threads opening and 
ihutting, the Wing is made to open and 
contrad it felf, like a Ladies Fan by 
Means of the Sticks. And thefe two 
oppofite A&ions are performed with in- 
credible Swiftn^fs ; the Motion of the 
Wings, in Infefts elpecially, upwards 
and downwards, being fo quick as toe^ 

. ^ . lude 
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lude our Sight. And yet in every 
one of thefe quick Motions, each of 
thefe oppofite Anions of dilating and 
contra^ing the Wing is certainly perfor- 
med. 
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I Believe the Reader, tho' un- 
skill'd in Geometry, will find 
very little in the former 
Part of this Work relating 
to the Laws of Motion, and the four 
firft Powers, which a tolerable Skill in 
Arithmetic, and a little natural Sagaci- 
ty joined with fome Application will not 
make him Mailer of. At leaft if he finds 
fome Difficulty to enter into a few of 
the Deraonftrations, in which it was im- 
poflible to avoid fome Geometrical 
Terms and Reafoning ; he will however 
eafily underftand the Conclufions drawn 
from them, Co as to take them upon 
Truft till he has attained Geometry e- 
nough (and it is a very little, that is re- 
quifite) 
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quifite) to go through the Proofs after- 
wards. But becaufe in treating of the 
other Powers, it was neceflary to exprels 
not only the Reafonings, but fometimes 
alfo the Conclufions arifing from them 
in Terms purely Geometrical, which 
would make all there laid of no Service 
to thofe, who are unacquainted with 
the Meaning of thofe Terms, as I fup- 
pofe feveral of my Readers to be ; I fhall 
therefore lubjoin, by way of Afj^endix 
fome numerical Calculations founded on 
thofe Conclufions. Becaufe fuch Calcu- 
lations will ferve not only to make the 
Principles on which they depend, bet- 
ter underflood ; but to dire3: others in 
making the like, when Occafion fhalf 
require. 

The firft Propofition relating to the 
inclinM Plane (J^.fag. 122. or 129.) is 
that a Force, which fuflains a Weight 
upon an inclined Plane, will be to the 
Weight it felf, as the Sine of the Angle 
of Inclination of the Plane to the Radi. 
us. But this Term of the Sine of an 

Angle 
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Angle being new, it is neceflary to ex^ 
plain, Firft^ what it means in general, 
and Secondly t the Meaning of it as it- 
flands in this Propofition. 




T o this Purpofe it muft be remem- 
bered, that to mealure the Greatnefs of 
any Angle, as A C F, the Way is, to fet 
one Foot of the Compafles at the angular 
Point C, and from thence to defcribe a 
Circle. Then the Arc A F of th^t Cir- 
cle meafures the Greatnefs of the Angle 

A C F i the Angle being reckoned great- 
er 
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er or lefs, as that Arc of the Circle in- 
tercepted between the Legs CA, CF, 
is greater or lefs. So the Angle D C F ^ 
is greater than the Angle ACF,> be- 
caufe the Arc D F is greater than the Arc 
AF. If then from the Point D, where 
the Leg C D cuts the Circle, we let fel- 
a Perpendicular D S to cut the other Leg 
C F in S, that right Line D S is called 
the Sine of the Angle D C F. So the 
Perpendicular A S is the Sine of the An- 
gle A C S. Now from this it may be 
obferved, 

1. That as the Angle grows great- 
er, the Sine grows greater. So the Sine 
D S is longer than A S, as being the Sine 
of a greater Angle. 

2 . A s it appears by Infpeftion, that 
as the Sines grow larger, they approach 
nearer to the Radius C R at right An- 
gles to C F, therefore when the Angle 
is increafed to 90"^ the Radius and the 
Sine coincide. So that the Sine of 90^^ 
is the fame Thing with the Radius. 

The 
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The next Queftion is then to know, 
what Proportion the Sines of the feve- 
ral Angles bear to one another. And 
this by the commendable Induftry of the 
Geometricians, that have lived before 
ns, has been calculated With prodigi- 
ous Labour, to every Degree and Mi- 
nute of the Circle, in the Tables of Na- 
tural Sines, to be met with in feveral 
Mathematical Books. It is fuffidfent for 
our Purpofe to take thofe of the ieveral 
Degrees only, which are fet down in 
this Tabic. 

Supposing then the Radius or 
Sine of 90S to confift of 1 00000 Parts, 
the Sines of the other Angles will be of 
the feveral Values here exhibited • 



Sine 
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Dcg. Parts Deg. Parts D^. Parts 
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I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

XI 

It 

13 

14 

15 

Id 

17 
18 

30 

ai 

22 
33 

•a4 
25 

2<S 

.*7 
28 

ap 

30 



1745 
3489 

J»33 
6P7J 

8715 
1045 a 

I2X8($ 

13P17 
15543 

17354 
19080 

207pi 

22495 

24192 

25881 
27553 

29237 
30901 

3255<y 
34202 

35835 

374<^o 

39073 

40573 

42251 

43837 

45395) 
45947 

48480 

50000 



31 
3a 
33 

34 
35 
3<5 

37 
38 

35* 
40 

41 
42 

43 
44 
45 
45 

47 
48 

49 
o 

1 

2 

3 

4 

5 
5 

7 
8 

S> 
5o 



51503 
52991 

544<J3 

55919 

57357 
58778 

5oi8i 

51555 

52932 

54278 

<i55o5 

55913 

58199 

59455 

707 1 6 

71933 

73135 

74314 

75470 
75504 

77714 
78801 

79853 

80901 

81915 

82903 

83857 

84804 

85715 

855o2 



5i 

52 

<S3 
54 

65 
66 

57 

58 

69 

70 

71 
7a 
73 
74 
75 
75 

77 
78 

79 
80 

81 
82 

83 
84 

85 
85 

87 
88 

89 
o 
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87451 
88294 
89100 
89879 
90530 

91354 
92050 

92718 
93358 
939<J9 

94551 
95105 

95*530 
95125 

95592 
97029 

97437 
97814 
98152 

98480 

98758 

99025 

99254 
99452 
99619 

99756 
99852 

999i9 

999H 
100 000 



Now 
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N o w by the Help of this Table, the 
fcveral Propofitions relating to the incli- 
ned Plane may be exemplified, and any 
Queftions relating to that Power may be 
fpeedily refolved. 

Let there be given then a Weight 
of 50 Pounds, rolling down an inclined 
Plane, whofe Angle of Inclination is 
go deg. and let it be required to know 
the Power able to fuftain it upon that 
Plane. 

By the Prop, above the Weight will 
be' to the Power, as Radius or the Sin^ 
of 90° is to the Sine of the Angle o* 
Inclination, which is in this Queftion 
go^. Look in the Table for the Sine of 
30^, which is of 50000 Parts. Thea 
fay, 

As 1 00000 the Sine of 90°, or Radiujs 
is to 50000 the Sine of go® ; lb is 50 
Pounds the Quantity of the Weight to 
the Power able to fuftain it on that Plane. 

To 
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T o find the Quantity of that Power,' 
we have now nothing but a common 
Queftion of the Rule of Three to re- 
folve. For multiplying the fecond Num- 
ber 50000 by the third, which is 50 ; 
and dividing by looooo the firft, the 
Quotient is 25, the Quantity of the 
Power. So that a Power equal to 25 
Pounds will fuftain a Weight of 50 upon 
an inclined Plane, whofe Angle of Incli- 
nation is 30 deg. 



I. 



S o if the Queftion were inverted, 
and tlie Power 2 5 Pounds, and the An- 
gle of Inclination 30^ be given, and the 
Weight required, it is anfwered in the 
fame manner, by only tranfpofing the 
Terms, and laying. As 50000 to 2 5, lb 
1 00000 to the Weight, which, by multi- 
plying and dividing according to the 
Golden Rule, comes out 50 Pounds, 
which is the Weight fuch a Power ' is 
able to fuftain upon a Plane of that In- 
clination. 

P An0 
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And if the Power and Weight were 
given, and the Angle of Inclination 
required, it is found by difpofing the 
Terms in another Order ; and faying, As 
50 the Weight to loocoo, the Sine of 
900 or Radius, lb is 25 the Power of the 
Sine of the Angle of Inclination. Mul- 
tiply 25 by 1 00000, and divide by 50, 
and the Quotient is 50000. Look in the 
Table of Sines for that Number, and 
you will find it (landing over againft 30S 
which is the Angle of Inclination, necef* 
iary to enable a Power of a 5 Pounds to 
fupport a Weight of 50. 

And after this Manner, all other 
Queftions of the lame Kind are refolved. 

B V the Help of this Table, we may 
likewHe anfwer all Queftions relating to 
the fecond Propofition. As for Exam- 
ple. It being already known by the 
foregoing Prop, that a Power of 35 
Pounds, applied in a Direction parallel to 
rfie Plane, will fuftaia a Weight of 50 

Pounds. 
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^Pounds when the Angle of Inclination 
is 50° , it is required to find what 
Weight the fame Power will fuftain when 
it is applied in a Direftion inclined to 
the fame Plane in an Angle of 20 Deg. 
or in the Words of that Propofition, 
when the Angle of Application of thp 
Power is 20 deg. 



N o w by that Prop, the EficQ: of the 
Power in this Direction will be to the 
EtFeQ: of the laffle Power ip a Direction 
parallel to the Plane, as the Sine Comple- 
ment of the Angle of Application to Ra- 
dius* The Compl^ent of any Angle is 
fo much as it wants of 90 deg. ^^To know 
therefore the Complement of any Angle, 
fubftrad the Number expreffing the 
Quantity of that Angle from 90, and 
the Remainder is the Complement. So 
in the^prefent Cafe the Angle of Appli- 
cation of the Power -is 20 deg. take 20^ 
from* 90*^, the Remainder is 7c® the Com- 
plertient of that Angle. The Sine of 
70^ is therefore the Sine of the Comple- 
ment of the Angle of Application,'call- 

P 2 ed 
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ed for Brevity the Sine Complenlent. 
The Proportion will therefore be, As 
looooo or Radius is to the Sine of 
70^, fo is 50 Pounds, the Weight which 
the Power can fupport when applied in 
a Diredion parallel to the Plane, to a- 
nother Number. Look in the Table 
for the Sine of 70^ which is 9^969; then 
lay, As 1 00000 1093969, fois 50 to the 
Weight fought J aitd by working by the 
Golden Rule, the Weight fought wiH 
come out 45 Pounds, and ^ of a 
Pound, or 47 Pc(unds very nearly. So 
that by the oblique Application of the 
Power, there is loft above three Pounds 
in its EfFed. And by the iame Method 
the Lofs will appear ftill greater, if the 
Angle of Application be ftill greater. 

We come now to' the third Propofi- 
tion, which is, that the Preflure of the 
Weight is as the Sine Complement to 
90^ of the Angle of Inclination ; or 
which is the fame thing, that the Qtian* 
tity of PrefTure of the Weight upon the 
Plane is to the whole Weight, as the Sine 

Com- 
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Complement tp 90^ of the Angle of In^ 
clination is to Radius, l^et it then be 
required to find what the Quantity is of 
the PrelTure of the abovementioned 
Weight of 50 Poufids on the inclined 
Plane aforefaid^ whole Angle of Incli- 
QatiQn i? 30?. 

Find firft the Complement of 30^ 
which is 60^. Then find in the Table 
the Sine of 60^ whicl^ is 86602. Then 
the Proportion will be, As ^Radius or 
100000 to 86602 the Sine Compl. of 30^ 
or the Sine of 6o*, fo is the Weight of 
50 Pounds to the Quantity of its Preflure 
pn the Plane ; and this Preflure, by work- 
ing by the Gplden Rule, will come forth 
44 Ppiind? and tV of a Pound. 

So if i^ wece required tp find an An- 
gle of fuch an Inclination, as that the 
Preflure of a given Weight, as 50 Pounds, 
Ihpuld be neither greater nor iefs than 
a Quantity afligned, as for Example 44 
Pounds and onp third ; then by tranfpo- 
fing the Terms fay. As 50 the whole 

P 3 Weight 
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Weight to'ioooeo the Radius, fo is 44, 5 
to the Sine Complement of the Angle 
required. Then multiplying and divi- 
ding as before, there is produced the 
Number 86602. Look for this Number 
in the Table of Sines, and it ftands over 
againft 60 deg. the Complement of the 
Angle fought, which -Angle, by Confe- 
quence, muft be go deg. as above* 

The fourth Propofition is that the 
Force of Percuflion or Impulfe of any 
Body in Motion upon a Surface, is as 
the Sine of the Angle of Incidence, r^- 
terls paribus^ that is, fuppofing the 
Velocity and Magnitude of the Body to 
be in all Cafes the fame. Therefore the 
Table of Sines exhibits by Infpe£bion 
the Proportions of the feveral Impulfes 
at the feveral Degrees of Inclination. 
That is, a Body impinging on a Surface 
at one Degree of Inclination impels 
that Surface with 1745 Parts of Force, 
at tvi^o Degrees with 3489 Parts, ^c. 
till at 90*^ of Inclination , or when it 

fells 
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fells on the fame Surface perpeadicularly, 
it impels it with looooo Parts pf Force. 
By dividing one Sine by another, we 
may exprefs this Proportion ftill morc^ 
concifely. As if it were required to 
know, how much the Impulfc at 90^ of 
Inclination is greater than at one Degree 
pf Inclination- Divide looooo by 1745 
and the Quotient is 57 and a Fraction, 
which (hews that the Effeft of a Body 
impinging on a Surface at one Degree of 
Incidence, is above 57 times lefs than 
the EfFeft of the fame wh^n impinging 
on a Surface perpendicularly. And in 
|:he fame Manner may be found the Pro- 
portion between any other Angles. 

Again-, fuppofe it were required to 
aflign an Angle pf Inclination, in which 
a Body in Motion impelling a Surface 
fhould produce an EfFeftdn a given Pro- 
portion to the Efteft of the, fame Body 
impinging on it in another given Anglef. 
As for Example. If it were required to 
aifign an Angle which fhould produce 
stn EfFe^ four times greater than ' an An- 

^4 gle 
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jle of 9 deg. Firft look in the Table 
tor the Sine of 9 deg. and you find it 
15643. Multiply this by 4, and the 
Produdis 62572. Now this. Number 
is not to be found in the Table; but one 
very near it Itands over againft gp deg, 
viz. 62932. Therefore taking the An- 
gle a little lels than 3 9 deg. it will have 
th)^5fFe£t required. 

If it be necefTary to aflign this Angle 
more nicely, we muft confult the large 
Tables calculated to Minutes, where 
there appears 62569 over againft 38 deg. 
44 min. which is the Angle required. 
It is true, this Number is not exactly 
the fame as the other ; but the Diffe- 
rence is fo fmall, as to be of no Confi- 
deration. In the fame Manner one may 
diminifh the Impulfe in the Proportion 
required, by dividing the Sine of 9 deg, 
by 4, and proceeding as above. 

Y o u lee that by diminifhing the An- 
gle one may diminifh the Impulfe in 
any Proportion required j but we can't 

coa- 
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contrarywife by increafing the Angle 
increafe the EffeO: as high as we pleafe. 
The Increafe has a Limit, which th^ Di- 
minution has not. For Example. Sup- 
pofe it were required to find an Angle, 
whofe EfFeft Ihould be 4 Times lefe 
than that of an Angle of 30 deg. By 
dividing 50000 the Sine of the given 
Angle by 4, there is produced 1 2 500, the 
Sine of 7 deg. 1 1 min. the Angle re- 
quired ; fo that this Demand is anfwer'd. 
But if it were required to affign an An- 
gle, whofe Effed Ihould be four Times 
greater than that of 30 deg. this would 
be found impoflible. For multiplying 
50000, the Sine of 3o<» by 4, the ProduQ: 
is 200000. But " the greateft Number 
poflible to ftand in this Table is 1 oocoo, 
becaufe the Sine of a right Angle is the 
greateft of all the Sines. And therefore in 
all Cafes of this Nature, when the Pro- 
dud exceeds 1 00000, it {hews that the 
Effed required cannot be produced by 
increafing the Angle only ; but that al- 
fo an Addition muft be made to the Ve- 
locity or Magnitude ojf the Body in Mo- 
tion, 
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tion, in Order to increafe the Impulfe in 
tbat Proportion. 

< 

In treating of the Sail it was fliewn 
that the Effeft of that Power would b?, 
as the Square of the Sine of the Angle 
of Incidence of the Wind upon the 
Sail, as the Square of the Velocity, and 
as the Superficies or Area of the Sail it 
felf. It may be proper to make the 
Meaning of all this more clear by exr 
emplifying it in Numbers, 

Suppose then the Wind. acting upon 
two Sails ; upon one in an Angle of 45% 
and upon the other in an Angle of 67^ 
30^ Or which is the fame thing, fup^ 
pofe two Ships, one in Euroj^f^ the o^ 
ther in Jfia (having each a findc Sail 
only) to be fleering diredily South ; and 
that the former had the Wind in the 
North- Weft Point, and the Latter in the 
North North - Weft. Let the North. 
Weft Wind blow twice as ftrong as the 
N. N. W. and let the Sail of the for- 
mer contain 20 Foot Square, and the 

Sail 
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Sail of the latter 30 Square Feet- The 
Queftion then is, how we fhall know 
the Proportion of the EfFcfl: of thefe two 
Winds upon thefe two Ships, or how 
much one of thefe will fail fafter- than 
the other. And this Queftion is anfwer* 
cd by the Propofition foregoing. 

And firft, the EfFefl: will be as the 
Square of the Sine of the- Angle of In- 
cidence. Therefore, fince the Wind 
blowing from the N. W. makes an An- 
gle of 45 » with the Sail of a Ship that 
fteers diredtly South ; and from the N. 
N. W. makes an Angle of 670, 30', it 
follows that its Effeft upon each will be 
as the Square of the Sine of 45<», and as 
the Square of the Sine of ^7", 30'. 
Look in the Table above for the Sine of 
45°, which is 70710. Multiply this into 
itfelf, and it produces the Square of the 
Sine, which is 4999904100. In like 
Manner find the Sine of 67", go' from 
the large Tables of Degrees and Mi- 
nutes, which is 92387. This multiplied 
|ntQ itfelf, produces its Square 85353. 

577^9- 
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$7769. Therefore the N. W. Wind 
drives the Ship forwards with a Force* 
that is, as 4999904100 ; and the N. N* 
Wr tiirith a Force, thfit is, as 8535357759. 
Ci|t off an equal Number of Figures in 
both of them, and the Velocity of the 
firflr Ship will be to that of the latcec, 
as 499 to 853, which is fomething more 
than half fo great. 

Put this is fo fuppofing the Vcl^ity 
or Strength of the Wind to be equal ia 
both Cafes. But fince the N- W. Wind 
was fuppof€;d to blow twice as ftrong as^ 
the N. N. W. this will produce a new 
Cpnfequence. For the Velocity of the 
former being as 2, and of the other as i, 
the Squares of the Velocities will be 
^ 2 nGiultiplied by 2, s^nd i multiplied by 
I,, that is 4 and i. Therefore to find 
the true Proportipn of the Velocities of 
thefe two Ships, we muft multiply the 
Numbers before found, viz. 499 and 

853, feverally into the Squares of thci 
Velocity of the Wind refpeftively be- 
longing to each ^ that is 49^ by 4, ^nd 

853 
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853 by I, which produce 1996, and 853 • 
fo that the former Ship will fail with a 
Velocity, as 199, and the fecond with a 
Velocity, as 8$ ; which is as 2 and f to r. 

But this is ftill fiippofing the Sails 
to be equal in both Cafes ; but thefe be-- 
ing fuppofed different, it will be necefla- 
ry to multiply the two Numbers lafl; 
.found, feverally by the Areas of the re- 
fpe£tive Sails. Multiplying therefore 
1996 by 20 the Area of the Sail of the 
&rmer Ship, and 853 by 30 the Area or 
Superficies of the Sail belonging to the 
ktter ; the Produfl:s will be 39920 and 
25590; that is, the Velocities of thefe 
two Ships, arifing from the different Cir- 
cumftances here fuppofed, will be to each 
other, as 39920 to 25590, or by a more 
concile Expreflion, as 39 to 25, or as 3 
to 2. 

I T may not be amifs to obferve that, 
when the Angles in a Queftion are ex- 
preiTde in odd Minutes, the Sines of 
thofe Angles may be ooUeded very near- 
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ly from the Table above that arifwers 
only to Degrees. As if it be required 
from that Table to find the Sine %^^y^ i '. 
Take the Sine of 87", which is 99862, 
and the Sine of 88", which is 99959 ; 
fubllra£l the leafl: from the greatcft, and 
the Remainder is ff^^ Divide this by 6o» 
and the Quotient is i. Multiply this 
Quotient by the Number of odd Mi- 
nutes, which is 21, which produces 11. 
Add this Number fo found to the Sine 
of 87, and it gives the Sine of 87<», 2 \' 
very nearly. For this Addition produces 
the Number 99883 ; and the true Sine 
is 99893 ; (b that the DiflFerence between 
the Sine fb found and the true one is 
but of one Part in loooo. 



FINIS. 



Errors of the Prefs in Mathematical Treaties 
being particularly trouhlefomey the Reader is de- 
ftred to take Notice of tbefe that follow. 



ERRATA. 

Fag. S. lin. ($• from tlie Bottom for Is to read znia. 
Pag, 24. lin. penult, read a cmfpirifig <fr contrary y &c. Pag. 
29. lin. 19. add, and the Force wbicb oBsy as A E to A F. 
Pag. 48. lin. x6. rcsidjhorter or longer. Ibid. lin. 18. read 
lefs or greater. Pag. 54* In the Scheme put in the Letter 1?, 
in the Line EC D^ Pag. 56. add the Letter D in th« 
Scheme to the Weight on the left Hand. Pag. 66, for 
this read biS" Pag. 1x0. lin. 10. read 2d» Fig. Pag. nu 
lin. 3. from the Bottom read voitbm Pag. 192. lin. 2. read 
Ttg. I. &c. Pag. 193. lin. 13. read, inibe 2d Figure ^ &c. 



/ 



BOOKS printed for Ben j. Motte, at the 
Middle-Tcmple-Gatc, Fleet-ftreet. 

EVelyn*s Parallel of ancient and modern ArcM- 
tenure, Folio. 

Harris's Lexicon Technicum, 2 VoL' Folio* 

The Art of found Building demonftrated in geome- 
tritsd Problems, (hewing geometrical Lines for all 
kinds of Arches, Niches, Groini, and twifled Rails, 
both regular and irregular ; with feveral other 
Draughtr of Buildings and Stair-cafes ; all curionfly 
engraven on Copper.plates ; wherein are laid down 
( fuited to every Capacity) eafy, praflical Methods for 
Carpenters^ Joyoers. Mafbns, or Bricklayers to work 
by ; the fecond Edition. To which are added ufe- 
fid Tables of the Proportions of the Members of all 
the Orders, calculated in Feet and Inches, for the Ufe 
of pra&ical Builders. By WiUlam Salfpenrjr, Archi- 
te& and Carpenter. Folio. 

A New Theory of the Earth, froni its Original, to 
the Confummation of all Things; wherein the Crea. 
tion of the World in fix Days, the univerfal Deluge, 
and the general Conflagration, as liid down in tne 
holy Scriptures, are fhewn to be perfe&ly agreeable 
to Reafon and Philofophy : With a large itittoduQtoty 
Difconrfe concernin^^ the eennine Nature, Stile, and 
Extent of the MoUic Hiitory of the Creation. By 
William mipny A. M. late Profeflbr of the Mathe- 
maticks in fhe Univcifiiy of Cambru^e, The Fourth 
Edition ; revifed and correfted by the Author. OQavo. 

Arithmetica Univerfalis : Sive de Compofitione 8c 
Refolatione Arithmetica Liber. Editio Secunda, in 

3ua multa immutantur & emendantur^ nonnulla ad. 
nntnr. Oftavo. 

Praele&iones Phyfico ; Mathematics CantabrigiaB, in 
Scholis publicis habit» Qnibns Philofophia illuftriflimi 
Newtoni Mathematica explic4tias traditur, & facilins 
demonftratuT : Cometographia etiam Halleianas commen* 
tariolo illnftratur, Cuiaccednnt, in hac Secunda Editio- 
fte XT« Pr»le£tiones de Eclipfibiis antiqnis. . A Gulielmo 
Whifton, A. M; & Mathefet^s Profeflbre Luco(iana« 
In Ufum Juventutis Academic«t 

WAV 1 1 1921 



\ 



